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THE CHENERY PROJECT, CALIFORNIA! 
By E. K. Barnum? 


In order to augment the existing water supply of the California 
Water Service Company serving sections of the industrial area along 
Suison Bay in Contra Costa County, California, the company early 
in 1929 recognized the importance of a major project to be developed 
in steps, or as the demand for water increased from time to time. 
Replenishment of the existing well fields was not sufficient to meet 
the 1930 demands and there was practically no storage on the sys- 
tem. In fact, the situation was considered so critical and the im- 
portance of properly serving the industries within the area so para- 
mount that the Company immediately launched a construction 
program which resulted in the present Chenery Project. 


PRESENT SYSTEM (1929) 


Prior to the completion of the above project the area served was 
that of the original Port Costa Water System, located within an area 
lying between Bay Point and Crokett. The water supply was de- 
rived from six different well fields as set forth in table 1. The quan- 
tities indicated are from actual field tests. 

It was not believed, however, that the above yield could be sus- 
tained with continuous pumping, but that the total net safe yield 


1 Presented before the California Section meeting, October 30, 1931. 
* Branch Manager, Trojan Engineering Corporation, San Francisco, Cal. 
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would more nearly approach 3.25 m.g.d. than the measured capacity 
as indicated above. All water from the above well fields was con- 
veyed to the Galindo main booster station and thence boosted to the 
system under a station pressure of approximately 75 pounds per 
square inch. 


NEW WORK 


In the early part of 1928 the Engineering Department was called 
upon to make studies of the various projects available and many 
sources of supply were investigated. The economics of the present 
scheme, however, together with the time element involved justified 
the decision reached, namely, to pump water from the Sacramento 


TABLE 1 
WELLS 
NUMBER LOCATION 

Number Capacity 

g.p.m. 

1 Government Ranch ll 1,100 

2 Galindo Field 15 860 

3 Fenway Farm 3 300 

4 Hollar Field 3 250 

5 Moore Ranch 2 150 

6 Bay Point 3 300 

* Or approximately 4.26 M.G.D. 


River during non-salinity periods with an impounding reservoir of 
such capacity as to care for a reasonable system growth. 

The location of the pumping station was determined upon after 
an exhaustive study had been completed of the seasonal salt water 
encroachment at various stations established in Suisun Bay, the San 
Joaquin and Sacramento Rivers, and the decision was reached to 
construct the pump station at Mallard on the south side of Suisun 
Bay and approximately 4 mile west of the O. and E. Ferrycrossing. 
The maximum average salinity of the waters to be taken was fixed 
at 250 p.p.m. salt content. Critical run-off years of the Sacramento 
and San Joaquin Rivers, such as 1924 with its deficient rainfall, 
indicated the number of pumping days to be expected with various 
maximum salt concentration. The results are summarized in table 2. 
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From table 2 it will be seen that in a minimum year such as 1924, 
35 pumping days may be expected in which the salt concentration 
does not exceed 250 p.p.m. and the monthly distribution of satis- 
factory water taken during the months of February and March, or 
for approximately 9.6 per cent of the annual time of operation of the 
project, the pumps must be of such capacity as to fill a reservoir on 
which withdrawals will be made for the balance of the period. This 
resulted in the design of a one billion gallon reservoir near the Town 
of Clyde, on land most of which was owned by the company and 


TABLE 2 
Days when stated maximum quantities of chlorides prevail, parts per million* 
O. and A. Ferry Station, 1924 


P.P.M. 


13 29 33 34 35 


* See Hyde Report, July, 1929. 


requiring a transmission line approximately 7.46 miles in length. 
(See plan and profile, figure 1.) 


MALLARD PUMP STATION 


A canal some 3000 feet in length was dredged from the Sacramento 
River south to the station site, with the bottom placed at elevation 
—8.0 U. 8. G. S. top width 60 feet, bottom width 45 feet, and side 
slopes 1 on 1. At the station site, however, the excavation was 
widened out to permit the construction of the pump station and the 
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floor of the canal lowered to elevation — 13.5. Unstable foundation 
conditions were encountered so it was necessary to support the entire 
structure on piling. Test piles were driven at the site and based on 
the well known Engineering News Formulae it was found that 38 
tons per pile could be safely sustained. However, in the design of 
the structure the main vertical piling was so designed and spaced 
as not to exceed 25 tons per pile. The stability of the structure 
against earthquake shocks was investigated and on the basic assump- 
tion that the acceleration would not exceed 3 feet per second per 
second and that horizontal forces of an earthquake would be trans- 
mitted through the frame of the building into the foundation and 
thence to earth by batter piles, the resulting analyses of the structure 
indicated there are no stresses in excess of the maximum allowed 
stress or 50 per cent more than the dead load stress. After the piling 
was placed, a water tight coffer dam was sunk to line and grade and 


TABLE 3 
TIDES 0.8.0.8. 


Diurnal low tide 


approximately 6 feet of tremie concrete poured in place. The coffer 
dam was later unwatered, the piling cut-off and construction on the 
building commenced. 

The station is reinforced concrete structure 39 by 24 feet in plan 
and 37 feet 6 inches in height measured from top of tremie concrete 
seal to eaves of roof. Three main pumping units were installed, 
having a combined capacity of 22.2 m.g.d. at 148 feet head, with 
provisions for the installation of a fourth unit. 

These pumps are Pelton submerged centrifugal volute units, in- 
stalled with their center line at elevation — 5.00, while the discharge 
from each unit is brought up vertically to a header installed on the 
valve floor at elevation +3.5. The operating floor is at elevation 

+10.5 on which the vertical motors and switchboard are installed. 
In establishing these elevations the tidal elevations of Suisun Bay 


were studied and found to be as shown in table 3. 
The operating floor placed at elevation +10.50 is believed well 
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above any extraordinary flood condition. The basic hydraulic 
calculations for the project led to the selection of pumping units 
designed for two speeds, namely, 870 and 1170 r.p.m. The rating of 
each unit is shown in table 4. 

Each pump is directly connected to two Westinghouse 3-phase, 
60-cycle, 440-volt Squirrel Cage Induction Motors, having a rating 
of 150 h.p. at 870 r.p.m. and 250 h.p. at 1170 r.p.m. 

Two impellers are included with each pump. In a normal water 
year it is intended to operate the plant at the lower speed with two 
pumps in operation, while in a year such as 1924, the high speed 
impellers will be installed and by means of a throwover switch the 
250 h.p. high speed motors will be connected to the line, thus allow- 
ing three pumps to operate in place of two with a combined output of 
15,000 g.p.m. and a total head of 148 feet. A Leeds & Northrup 
automatic salinity recorder has been installed in the station, which 


TABLE 4 
Mallard Pump Station rating 
PUMP NUMBER G.P.M. SPEED HEAD-FEET 
r.p.m. 
1 5,000 870 80 
2 5,000 870 80 
1-2-3 15,000 1,170 148 


graphically records the salt concentration of the water, both at the 
Mallard Station and at the mouth of the canal and Sacramento 
River, thereby allowing the operator to operate the plant at a maxi- 
mum number of hours during the period of tidal influence. (See 
figure 2 for the operation of the Mallard Station and transmission 
main when operating under both the above conditions. ) 

A 20 by 16 foot Type ‘‘P’”’ Larner Johnson check and throttle 
valve was installed in the discharge header affording protection to 
the pump and pipe line, resulting from power failure or other causes 
which would arrest or accelerate the flow beyond normal working 
limits, causing resulting high stresses in the various parts. 


TRANSMISSION LINE 


The transmission line Mallard to Chenery Reservoir is made up 
of the materials shown in table 5. 
The entire steel line is electrically welded and provided with a 
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The major portion is provided with 


“Pabco” soil proof wrapping, while a section of the line nearest to 
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Fig. 2. MALLARD CHENERY Pump PERFORMANCE CURVES—PRESENT AND 
Future ConpiTIoNs. 


the Mallard Station was given a gunite coating for protection against 
soil corrosion. Special electrolysis proof field joints were provided 
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at every third joint where the line parallels the Sacramento and 
Northern Railroad and at other points where the distance from track 
to pipe is less than 200 feet. 

The balance of the line was laid with Hume centrifugally spun 
concrete pipe, manufactured and laid by the American Concrete 
Pipe Company. Our specifications required a working stress in the 
steel of 12,000 pounds per square inch, which resulted in the use by 
the manufacturer of 21.2 coils of No. 5 wire per lineal foot in two 
cages, or approximately 2.64 per cent reinforcement. The sections 
were manufactured in 8-foot lengths, steam cured for at least twelve 
hours after spinning, and then allowed to cure for fourteen days after 
which one section out of 25 was selected at random and tested to 105 
pounds per square inch internal pressure. Early in 1930, or after 


TABLE 5 
Transmission line—Mallard Station to Chenery Reservoir 


FROM TO STATION KIND 
Diameter | Thickness 
inches inches feet 
0 + 0 (Mallard | 147 + 75 36 1 200 Welded steel 
Station) 
147 + 75 393 + 50 33 43 200 Hume concrete 


* Note: Where the steel line was laid under highways and railroad crossings 
the thickness of the steel was increased to ;s inch. 


the line had been in use for approximately three months, a test was 
conducted by Messrs. Arthur L. Collins and Fred C. Scobey, for the 
purpose of determining the roughness coefficient and other character- 
istics of the line. Mr. Collins employed the Pitot Tube method, 
while Mr. Scobey used the color principle. Observations were made 
simultaneously upon two reaches of the 36-inch steel line and four 
reaches of the 33-inch concrete line. For the combined reaches of 
the steel line, or about 14,020.4 feet, there was found a coefficient in 
the Scobey formulae for steel pipe equal to 0.269, corresponding to 
Williams and Hazen formulae, C, = 144. For the concrete section, 
a length of 20,835.4 feet gave a coefficient in the Scobey formulae for 
concrete pipes of 0.407 and the corresponding figure for Williams 
and Hazen formulae, C. = 146. Simultaneous measurements for 
flow were made by both the above methods and the resulting average 
indicated Q to be 19.68 second feet. . 
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RESERVOIR 


The reservoir is located on land owned by the company opposite 
the Town of Clyde and covers an area of approximately 215 acres. 
The design is almost square in shape and is surrounded on all but a 
portion of the south side by a rolled earth fill embankment. The 
erest was placed at elevation +36.00, while the spillway lip is at 
elevation +33.00. (See figure 3.) 

The soils, as classified by the United States Department of Agri- 
culture, describe the materials as Antioch Clay Loam and Dublin 
Adobe. The characteristics of this material, as determined in the 
laboratory, indicate the soils to be practically impervious when moist, 
but shrink and crack when dry; the latter, however, closing by 
lateral swelling when submerged. In the construction of the dam 
the foundation was first stripped to solid material for over two-thirds 
ot the base width and extending 6 feet beyond the toe on the water 
side. The back adobe underlying the surface was then removed, 
covering an area from the inside line of the first stripping to a line 
equal to one-half the height of the embankment, plus 5 feet, while a 
cutoff trench 2 feet deep and 8 feet wide was provided with its center 
line equal to the height of the embankment, plus 5 feet, measured 
out from the center line of the embankment. 

The embankment was constructed with selected materials from 
within the reservoir area by opening up borrow pits at a depth not 
to exceed 8 feet and a maximum width of 250 feet, so located that 
the nearest edge was at least 100 feet from the toe of the embank- 
ment. About 500,000 cubic yards of material were required to 
construct the fill, The inner slopes of the embankment were given a 
2-inch gunite lining reinforced with No. 7 gage wire. spaced 4-inch 
center to center both ways. Approximately 425,000 square feet of 
lining was put in place. Reinforced concrete inlet and outlet towers 
were provided at suitable locations in the reservoir. The reservoir 
has a capacity of approximately 970 m.g. at spillway lip elevation, 
or elevation +33.00 and a surface area of 215 areas, as shown by the 
capacity curve in figure 3. 

Reservoir leakage through percolation and losses from evaporation 
were given due consideration in the design of the plant and it was 
felt that the percolation losses, while large in the first few years, 
would gradually diminish as the bottom became cured through silting 
action, and the water table became stabilized. As the water year 
of 1930 approached it soon became apparent that we were to be 
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faced with a condition similar to 1924, in so far as fresh water wag 
concerned and an uncured reservoir floor, so in consultation with 
Mr. Chas. H. Lee, Consulting Engineer, sealing of the reservoir wag 
undertaken by the application of bentonite, a colloidal material 
which settles out from suspension rapidly, and having a strong affin- 
ity for water will absorb from 8 to 15 times its original volume, 
Accurate records were kept of reservoir elevations, both before and 
during treatment with the results that a marked falling off of seepage 
losses was recorded. It is proposed later to increase the height of the 
dam an additional 10 feet, increasing the reservoir capacity to 1.903 
billion gallons, and construct a tidal basin at Mallard Station in order 
to extend the pumping period in low run-off years. A booster station 
in the main transmission line is also part of the ultimate program. 


FILTER PLANT 


A modern and up to date rapid sand filter plant was constructed 
opposite the north embankment of the reservoir with a present normal 


TABLE 6 
ITEM CLASS CONCRETE SLUMP WHERE USED 
inches 
1 2,500 5 to7 Reinforced walls and 
floor slabs 
2 1,500 3 to 4 All other structures 


capacity of 4 m.g.d. The structures are so designed that future 
expansion up to three times the present capacity can readily be 
made. The various units in the initial construction consists of 


(1) 2 sedimentation basins 

(2) 4 filter beds 

(3) Pipe gallery and control house 

(4) Head house 

(5) Aerator structure 

(6) Clear water basin ’ 
(7) Pumping equipment 

(8) Reclaiming basin (wash water) 


The entire structure is of reinforced concrete and during construc- 
tion, owing to high water table condition at the site, it was found 
advisable to support the principal structure on piling. Concrete 
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piling was poured in place. Concrete of the strength shown in 
table 6 was employed in the principal structures. 

A hydraulic elevator was provided for transportating chemicals 
from the first or ground floor to the third floor or head house store 
room, having a capacity of 2000 pounds at a speed of 40 feet, Lcd 
minute. 

The dimensions and characteristics of the principal structures - 
be given in the order as set forth in above list and based on a 4 m.g.d. 


rate. 
Sedimentation basins 
Each basin is 90 feet in length, 43 feet wide, and 16 feet deep, 
having an effective capacity of 400,000 gallons, thus providing a 
retention period of five hours. 


Filter beds 


Four units were provided with an overall inside dimension of 25 by 
163 feet with a nominal rating of 1 m.g.d. each, or 2 gallons per square 
foot per minute. 

Sand bed dimensions are 25 by 14 feet or a total sand area per bed 
of 350 square feet. The wash Water troughs are believed to be a 
unique installation, the design consisting of pre-cast concrete of the 
usual semi-circular form with a radius of 8 inches in the circular section 
and an additional height of 7 inches to the overflow lip measured 
vertically from the center of the circular section. The width is 18} 
inches from lip to lip. 

Briefly the construction was as follows: Reinforcement was made 
up in a cage of two layers of Clinton Wire Mesh, electrically welded 
cut and formed to dimensions. A 2-inch gunite covering was then 
applied. After placing the troughs the j-inch brass overflow lips 
were accurately dressed to elevation +17.00. The underdrain sys- 
tem consists of thirty-three 3-inch red brass laterals laid on 9-inch 
centers. Each lateral is perforated on the bottom side with j-inch 
holes spaced 6-inch center to center. The sand and gravel em- 
ployed consists of 16 inches of graded gravel and 28 inches of sand. 
Five different grades of gravel were used, varying from 3-inch cobbles 
down to pea gravel size. The sand has an effective size of 0.52 mm. 
and a uniformity coefficient of 1.8. Backwashing of the filter is 
accomplished by means of a low head high capacity centrifugal 
pump, 5400 g.p.m., which is equivalent to a wash water rate of about 
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15 gallons per square foot per minute, or approximately 74 times 
normal filtering rate. In terms of inches of rise per minute this rate 
is equivalent to approximately a 24-inch wash. 

The control equipment consists of hydraulically operated valves 
for filter bed operation, and rate of flow and loss of head gauges are 
installed. A 36-inch steel header was provided for the clear water 
pumps with ample outlets for future extensions to the plant. 

The floor of the head house at elevation +34.00 is used for storage 
of chemicals and other supplies. 

Aeration of the raw water is the first treatment given the supply. 
This is accomplished by the use of a system of 42 floating cone Sacra- 
mento type spray nozzles. The weight of the cone is 2 pounds and 


TABLE 7 
PUMP NUMBER SERVICE CAPACITY HEAD SPEED 
g.p.m, fee r.p.m, 
1 Raw water 1,400 7 575 
1 Raw water 1,400 14 
2 Raw water 2,800 7 575 
2 Raw water — 14 690 
3 Wash water 5,400 25 800 
4 Filtered water 1,400 24 860 
4 Filtered water 1,300 50 1,150 
5 Filtered water 2,800 40 1,150 
5 Filtered water 2,200 50 _ 


each nozzle is designed for a discharge of 66 g.p.m. with a 4-foot 
head loss. Two coagulating steel mixing tanks were installed, 
having a capacity of 25,000 gallons each, or a total mixing period of 
about eighteen minutes. Mixing is accomplished by paddles geared 
to variable speed motors, providing four different speeds of paddle 
rotation. A covered clear water basin or reservoir of 600,000 gallons 
capacity was constructed with floor placed at elevation +3.00 and 
spillway lip at elevation +15.00. 


Pumping units 
A 24-inch Hume concrete raw water supply line was installed from 
the outlet tower to the filter plant, connected to two header lines to 
which the main pumping units are connected. The hydraulics are 
such that raw water from the Chenery Reservoir can flow by gravity 
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through the plant or may be pumped, depending upon the reservoir 
elevation. Table 7 describes the characteristics of these pumps. 

From this table it is seen that a very flexible arrangement was 
provided by the use of two speed units. All wash water from the 
filters is reclaimed, together with the discharge from drainage pumps, 
by a basin having a capacity of 262,000 gallons. The latter were 
installed for the purpose of water table control, and the resulting 
up-lift pressures on structure foundations and footings. The capacity 
of the basin was designed on the assumption of a 2 percent wash 
water rate, with future additions to the plant considered. The floor 
of this basin was placed at elevation 0.00, which necessitated inflow 
pipes in the floor with check valves, thereby allowing ground water 
inflow, but restricting the outflow. 


GALINDO BOOSTER PLANT 


The entire output of this project is pumped from the filter plant 
to a surface reservior at the Company’s Galindo Booster Station 
near Concord, or a distance of approximately 2.05 miles. Economic 
studies of pipe line characteristics resulted in the installation of an 
18-inch I. D. Hume centrifugally spun concrete pipe, reinforced for a 
75-foot working head, shell thickness 12 inch and sufficient circular 
reinforcement to take all tensile stresses in the pipe shell without 
exceeding 12,000 pounds per square inch. The Galindo Station 
also serves as a collecting station for the various well fields, as set 
forth in table 1. From this point about 82.7 percent of the total 
production is pumped to the existing Port Costa Water System, 
owned by the company and serving Martinez, Crockett, and the 
industrial area as far west as Rodeo. (See table 8.) 

The balance of the water is pumped to the San Ramon Valley ex- 
tension, which is an interesting installation, but will be covered only 
briefly in this report. The service area extends southerly from Ga- 
lindo through the above named valley in which are located Pacheco, 
Walnut Creek, Danville, and the Mount Diablo Country Club. The 
total static lift from the Galindo Reservoir to the flow line of Mount 
Diablo tanks is from elevation +10 to elevation +490. However, 
it was deemed advisable to split this head and place a tank at Wal- 
nut Creek with flow line at elevation +220, and re-boost. A 12- 
inch cast iron cement lined pipe approximately 7.6 miles in length 
was laid of Class 150 and Class 200 as far as Walnut Creek, with a 
pumping head of 250 feet, based on the maximum daily demand for 
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1931. The second lift booster station receives its supply from the 


Walnut Creek reservoirs. The balance of the transmission line from | 


Walnut Creek to Mount Diablo, or about 8.5 miles, is 10-inch cast 
iron cement lined pipe throughout with Class 1&0, Class 200, Class 
250, and Class ““B’’ Mono Cast. The resulting pumping head on 


TABLE 8 


A summary for the peak months for 1931 of the various demands on the system at 
the present time, in million gallons 


MONTH TO GALINDO TO SAN RAMON ALL OTHER 
29 67.860 2.00 65.860 
88.869 17.0227 71.8463 
Percent total. 100.00 17.3 82.7 
TABLE 9 
Distribution of total costs (summary) 
UNIT TOTAL COST 
v.00)... ag ot 473,171.24 33.2 


this section, based on the 1931 maximum daily demand is 320 feet. 
However, the entire system is designed for an ultimate pumping head 
by 1941, for 330 feet on the second section. Both balancing tanks 
are of 100,000 gallons capacity each and equipped with altitude 
valves, while each section of the transmission lines and pumps are 
protected against power and pipe line failures by the Pelton type 
cone check valve and surge suppressors. 
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COST OF CHENERY PROJECT (EXCLUSIVE OF SAN RAMON EXTENSION) 


Construction cost keeping is an important part of any major 
engineering project and it is desirable on completion of the work to 
determine unit construction costs and distribute the various charges 
to the different important units. On the completion of plans and 
specifications for each unit competitive bids were asked and con- 


MALLARD STATION Pipe Lines RESERVOIR 
Pumping Plant Bldg. 49.0% A Concrete 56.2% A Earth Dam 63.0% 
B Pumping Equipment 27.0 8 Steel 33.5 B Gunite Lining 12.8 
C Temporary Pumps Galindo 9.2 C Towers aBridges 4.2 
0 Intake 10.9 D Reservoir to Filfer 1.1 D Bentonite 5.0 
E Roads 5.9 E Fence 1.5 
F Power Lines 01 F Roads 3.2 


Figure 7 


CHENERY PROJECT 


FILTER acai ToTAL INVESTMENT Cost ANALYSES 
A Building Unit Mallard Station 38.2 
B 1 2 Pipe Lines 12.6 
c «3 Reservoir 33.2 
9) Plant — 310 & Filter Plant 16.0 
E Power Lines 0.1 
Fia. 7 


tracts awarded as rapidly as possible. The completed project, which 
includes all facilities to take water from the Sacramento River to 
the Galindo pump station, amounted to $1,430,297. The distribu- 
tion of the above amount is set forth in table 9. 

A further distribution of these costs are made and shown in 
figure 7. 
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CONCLUSION 


This project has been named after C. T. Chenery, President of the 
Federal Water Service Corporation, whose vision was responsible for 
its inception. The California Water Service Company is a sub- 
sidiary of the Federal Water Service Corporation of New York, of 
which Mr. T. H. Wiggin is Chief Engineer. 

Mr. Earl C. Elliott, President of the California Water Service 
Company, has stated that the Chenery Development will prove to be 
the most important interest of the Company on the Pacific Coast 
and that this project is in a sense experimental and that the Com- 
pany is ready to develop additional supply as fast as the district can 
absorb it. 

The writer was in charge of the work. 
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THE MERITS OF STEEL PIPE FOR WATER MAINS! 


By Joun L. W. 


The use of steel mains for important water conduits has become so 
well established by general application that whenever a large diam- 
eter main made of any other material than steel is installed, the un- 
usualness of such procedure makes it a news item and so receives the 
proffered publicity. 

In a majority of our larger municipal water supplies steel mains are 

the sole channels for connecting the pumping station with the 
reservoir, and/or this with the distributing system. Hence any 
failure of the main would result in serious interruption to that 
municipality’s necessary commodity, water. Although there have 
been and will be cases where corrosive action of aggressive soils or 
the electrolytic action of stray currents resulted in the penetration of 
the steel shell, failures have been so rare as to be considered almost 
non-existent. 
__A list of the various uses to which steel pipe is put (including all 
sizes from that of a hypodermic needle to the huge steel main) will 
indicate why there are more tons of steel pipe made each year than 
the total of all other metal pipes. 

The reasons why water works officials and engineers have by use 
placed steel pipe in its present position of useful service to com- 
munities may best be discussed under the headings of reliability, 
efficiency, adaptability, and economy. 


RELIABILITY 
Pipe as a structure can fail in four ways: 


(1) By fracture 

(2) By exterior corrosion 
(3) By interior corrosion 
(4) By electrolysis 


Breaks in steel mains, that is, the actual fracture of the pipe with 
resulting discontinuance of flow beyond the point of fracture, are so 


1 Presented before the Missouri Valley Section meeting, October 30, 1931. 
2 Consulting Engineer, Philadelphia, Pa. 
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unusual that they may be considered in the same category as the 
Irish Rattlesnake. 

In the City of London, England, out of a total of 3,376 miles of 
mains in the Metropolitan Water Board Area, 1071 miles or over 30 
percent are of steel, while the soil conditions offer a severe test of the 
sub-surface pipes. 

According to a report’ issued by the Sub-Committee on Burst 
Water Mains of the Metropolitan Water Board of that city in the 
six months ending March 31, 1929, there occurred 2,459 breaks; 
during the two weeks ending December 12, 1925, 834 breaks occurred 
and from the middle to the end of December, 1927, 738 breaks 
occurred and none were in the steel mains. 

This report compares mains made of wrought steel with those of 
more brittle material. Referring to breakage of pipe the report 
states: 


When breakage is caused 

By excessive vibration from traffic—steel is superior.‘ 

By settlement when main has a foundation that supports it at one point and 
allows it to sink or sag at another—steel would not fracture. 

By vertical support removed in cutting away concrete or brickwork leaving 
the pipe insufficiently supported—steel would not fracture. 

By direct blow from traffic transmitted through walls or through concrete 
placed immediately over a main—steel would not fracture. 

By subsidence of ground due to deep foundations and to pumping for reduc- 
tion of the ground water level—steel would not fracture. 

By fracture where a pipe is built into a wall and passes out into compara- 
tively soft soil—steel would not fracture. 

By vertical contact between two pipes—fracture would not occur if steel 
pipes are used. 

By excessive cover over an unprotected main—irrespective of the material 
from which the main is made it should be protected by surrounding it with concrete. 

By too rapid closing of a valve, thereby causing a water hammer—Speaking 
generally, there would not be as much bursting with steel mains. 

By faulty casting—would not exist with steel mains. 

By external wasting (corrosion) of pipe in bad soil—very much more rapid in 
steel pipes, unless properly coated. 

By rapid fall of water temperature—would not cause fracture in steel pipes. 

By rapid rise in water temperature—would not cause fracture in steel pipes. 


You will note the comparison of soil corrosion is apparently with 
uncoated steel pipes, while the other pipes which the Water Board 
used are coated. 


§ Journal, December, 1931, page £(67. 
* Comments in italics are present author’s condensations from report. 
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The report from which the foregoing data was extracted was made 
by a Committee of disinterested men of the Water Board headed by 
Lt. Col. Sir George Handover, and effectively summarized the 
reliability of steel pipe with the words: “‘We are of the opinion that 
in the future steel pipes adequately protected should, with due regard 
to cost, be used for trunk and high pressure pumping mains in order 
to obviate as far as possible the occurrence of inundations due to 
fractures.”’ 

You well know that when a pipe breaks the cost of the pipe itself 
is a minor item, the greatest costs being the damages resulting to 
property and paving, and next the cost of excavation, cutting out the 
broken length and putting in a new one, and finally back-filling and 
paving. 

Permit me to stress the injurious effects of traffic vibrations. Most 
of us have experienced the tremors that pass through our bodies 
while standing on a sidewalk or sitting in a room, when a heavy 
vehicle passes. The next time you experience this reaction try to 
visualize the great strains that are placed upon the under-lying 
pipes, and you will be filled with respect for the sturdiness of existing 
mains and will wonder why there are not more ruptured pipes. Al- 
though a main or mains may be today distant from these traffic 
vibrations, none would dare to predict, except in isolated cases, 
that such condition would remain for the next ten years or 
longer. 

Exterior or soil corrosion is seldom a serious matter, being confined 
to relatively small sections of this country. Tests made by the 
Bureau of Standards during the past eight years indicate that many 
of the soils have little destructive action on ferrous pipes. When 
considering the 17 most aggressive soils these tests show that, on the 
average, the depth of penetration in a period of eight years is less 
with wrought ferrous pipes, such as steel, than with the pit cast 
ferrous pipes. In making these tests no- protective coating was 
applied to either the wrought or cast specimens. You may be 
interested to know that the presence of copper in wrought steel, 
although effective against atmospheric corrosion does not, in the 
average soil, improve the soil corrosion resisting properties of the 
pipe. 

Interior corrosion of pipes is so closely related to their carrying 
capacities that the data which will be presented under the heading of 
“Efficiency” will show that, under average conditions there will be 
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less detrimental results from interior corrosion in wrought than in 
cast ferrous mains. 

Mr. Arthur T. Clark’ in his paper presented at the Pittsburgh 
meeting of the American Water Works Association last May, showed 
by illustration the great reduction in carrying capacity of a pipe by 
a small amount of tuberculation. As for each cubic inch of iron that 
is removed from a ferrous pipe in the formation of tubercles the 
resulting tubercle volume is from say 15 cubic inches to 50 cubic 
inches, it can be readily appreciated that before the amount of 
iron removed by interior corrosion would make the pipe an unsafe 
conduit, its usefulness for the conveyance of water would be so 
reduced that the line should be replaced. 

It is undoubtedly the case, where the water conveyed is active, 
care should be exercised in the choice, application and handling of the 
interior protection so that the money invested in a pipe line shall 
yield the best possible service for the longest time. 

Electrolysis is a destructive agent and, speaking generally, one 
ampere of current flowing from any ferrous material in contact with 
an electrolyte will remove 20 pounds of iron in a year, and this amount 
will be removed from the point or points that the current leaves the 
pipe. Thus when a metal pipe whether of steel, iron, lead, brass, 
copper, ete., traverses ground where moisture may be adjacent to 
the pipe, efforts should be directed to insure that a minimum of 
current has an opportunity to leave the pipe. 

When electrolytic action has caused small pits, say up to one- 
fourth of an inch in diameter that do not penetrate more than two- 
thirds through the wall, the strength of steel pipe shows little or no 
reduction. When this electrolytic action has caused large and deep 
pits or has penetrated the wall, the pipe does not fail and the small 
amount of leakage can be stopped with a minimum expenditure by 
welding up such pits, and the pipe has all the value of a new pipe 
except for such deterioration of coating or interior, which follows 
years of service. 

Do not get the impression that I am claiming a steel main is in- 
destructible, for failures of them have occurred, though rarely. 
What I have tried to indicate is, that from existing known facts, 
steel is a reliable material from which those interested in water works 
can have their conduits formed. 


5 Journal, October, 1931, page 1565. 
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EFFICIENCY 


The word “efficiency” is used to cover the probable life, the carrying 
capacity of a pipe line, the changes in delivery following years of use 
and the losses through joints by leakage. 

The probable life of steel pipe is a question that arises in the minds 
of water works men probably more than any other. It is hard to 
predict this, especially when it is recalled that the first small steel 
pipe was mechanically welded commercially a little over 50 years ago, 
while one of the earliest steel mains (which is still in use) is but 40 
years old. Mr. John R. Freeman in 1900 gave the probable life of 
a steel penstock as over 50 years, in 1914 Metcalf and Eddy raised 
this to 60 to 75 years, while still later T. A. Leisen points out that in 
some localities steel mains may attain the age of 100 years. But 
Mr. Leisen made this statement 8 years ago. Although I have re- 
ceived verbally estimates of over 100 years lately, I hesitate to quote 
their sources, fearing a misquotation. 

In my opinion too much stress has beer placed on this subject of 
age of water mains. The rapid development of our communities 
has been such that few water mains 50 years old have much present 
value due to changes in population and increased use of water. In 
addition, I believe so strongly in the future of this country that 
greater changes can be anticipated in the next 50 years than in the 
past half century. 

From time to time we hear of authentic cases of metal pipes used 
for one hundred and even two hundred and more years, and again 
we learn of a similar kind of pipe being rendered useless in a com- 
paratively short time through corrosion. This means that either 
the water or the soil is inactive, in fact generally both, when the life 
of the pipe is abnormally long; and that either or both the water 
and the soil are aggressive, often with the abuse of the protective 
coating, or a coating inferior in composition, preparation or applica- 
tion when the life of the pipe is unusually short. 

Where there is no certainty about the inactiveness of the soil 
care must be taken with the protective coatings, both internal and 
external. A perfect coating will be the spring of eternal youth for 
water mains. 

The carrying capacity of steel pipes cannot be intelligently pre- 
sented without referring to pipes made of other materials. Because 
of its extensive use for more than a century has proven its merits and 
because the familiarity gained by such use furnishes us with a con- 
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venient measuring stick, comparisons are made with cast iron pipe, 
with no intention to reflect on the merits of this well known product, 
but to indicate the advantages of a more modern one. ‘ 

You well know that the studies of flow of water through pipes 
such as those made by Chezy in 1775 and many others up to the 
well known work of Williams and Hazen in the nineteen hundreds 
were mainly, if not entirely, devoted to lines of cast iron pipe. Over 
a year ago Fred C. Scobey, Senior Irrigation Engineer of the Depart- 
ment of Agriculture, published in Technical Bulletin No. 150 of the 
Department, January 1930, his formula based on an extensive study 
of the flow of water through steel pipes. His formula has checked so 
closely with recorded measurements that it is well worthy of our 
careful consideration. One of its advantages is that the effects on 
carrying capacity due to any number of years’ service can be calcu- 
lated instead of assumed, and this for either active or relatively 
inactive waters. This part of his formula shows that a pipe after 
conveying active waters (such as those in New England) for any 
interval will have the same diminution in carrying capacity as if an 
inactive water (such as that from many of the Central States) had 
been transported for one and one-half times as long. 

Until Scobey’s work, most of the studies of steel pipe were confined 
to full riveted mains where the projecting rivet heads interfered 
with the stream lines of flow. The Scobey formula also applies to 
the more modern types of steel pipe such as seamless, hammerwelded 
and electric or gas welded, which have no riveted longitudinal seams, 
and where lengths of pipes are either riveted together or connected 
by couplings or welds thus having no projecting rivet heads at the 
circumferent'al seams. 

As the formula of Williams and Hazen has received wide usage in 
calculations of flow through cast iron pipes, a comparison is sub- 
mitted using it for the flow through cast iron pipes and Scobey’s 
for the flow through steel pipes of smooth interior, such as seamless, 
hammerwelded or electric welded pipe, the lengths being connected 
by plain end pipe couplings or by welding. 

Such a comparison shows that new pit cast iron pipe, 6-inch diam- 
eter, has about 92 percent of the carrying capacity of a new steel 
pipe of the same internal diameter. If the two lines are both 12 
inches inside diameter, the cast iron pipe carries about 95 percent 


* This bulletin is sold by the Superintendent of Documents in Washington 
for thirty cents. 
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of the volume of the steel pipe, and when the inner diameter of both 
types of pipe is 24 inches the cast iron has about 98.5 percent that 
of the steel one. 

Williams and Hazen suggested the use of 100 as the value of ‘“‘C” 
for normal conditions and gave this as a value after fifteen years of 
service for 6 inch cast iron pipe. The same diameter of steel pipe 
after conveying active waters for fifteen years will have, according 
to Scobey’s formula a capacity of over 130 percent of that of cast 
iron. 

Comparing cast iron and steel mains of 12-inch diameter with 
cast iron “‘C’’ becomes 100 in 17 years, while steel pipe after delivering 
active water for the same interval would have a capacity of 125 
percent of that of cast iron. With 24-inch cast iron pipe ‘“C” is 
given as 100 after 19 years use while with a 48-inch main “C”’ is 
100 after 20 years. When both classes of pipe are 24-inch diameter 
and have been in service for 19 years the steel line will have 119 
percent of the capacity of the cast iron line, while, if the diameters 
are 48 inches and the age 20 years, the steel main will have 115 
percent of that of the cast iron. 

To express the calculated comparisons in another way, the two 
formulae indicate that the same carrying capacity will result when: 


For 6 inch pipe, cast iron is 15 years old, and steel 44 years 
For 12 inch pipe, cast iron is 17 years old, and steel 39 years 
For 24 inch pipe, cast iron is 19 years old, and steel 35 years 
For 48 inch pipe, cast iron is 20 years old, and steel 30} years 


That is, cast iron and steel pipes of the same diameters have 
the same carrying capacity with the same loss of head for equal 
distances when steel has reached an age three times as great as that 
of the cast iron when the pipes are 6 inches in diameter, reducing 
to one and one-half times the age when the pipes are 48 inches in 
diameter. 

As indicated under reliability, the apparent smaller amount of 
interference to flow by tuberculation in the interior of steel pipes 
warrants the assumption that the rate of corrosion by the conveyed 
water will be less; and, therefore longer useful life can be expected 
from steel mains than from those of cast iron. 

Leakage has been considered as an unavoidable loss. Take the 
case of a large city with about 2,500 miles of mains. If the aim is to 
secure joints so tight that the loss from this source will be as low as 
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1,000 gallons per mile per day (which would be exceptionally good 
practice) this represents a minimum loss of 2,500,000 gallons of 
water daily. If this water is considered worth $100 per million 
gallons, the aim is to reduce the loss to $90,000 per year. 

As steel mains are generally produced in lengths of 30 feet or more 
while the other forms of pipe for water mains are in lengths of 12 feet 
(but sometimes 16 feet), only 40 percent of the number of joints will 
be required for straight runs, if steel pipe is used. To allow for 
valves, specials, etc., it may be assumed that half as many joints will 
be required if wrought pipe is used in place of the customary types of 
pipe. Thus, if the pipe is steel in 30 foot lengths connected by bell 
and spigots and we allow half the usual number of joints with the 
resulting halving of leakage, it would represent an annual saving 
of $45,000 which capitalized at 4.5 percent equals an investment of 
$1,000,000. 

But the general experience with steel pipes not jointed by bell 
and spigot, but by couplings or welds is that there is no leakage, or so 
little that it cannot be readily detected. Hence in the case already 
cited the saving would be $90,000 yearly, or 4.5 percent interest on 
$2,000,000. 


ADAPTABILITY 


This covers variations in the composition of steel to meet certain 
conditions, differing requirements demanded by installation of 
mains, the methods of joining lengths, specials and tapping for 
service connections. 

Variations in the composition of the steel can be made without 
material change in its strength. If a pipe line is to be exposed to the 
action of the atmosphere, such as in a bridge crossing, the addition 
of a small amount of copper has been found of considerable value in 
reducing the injurious effects of the air. 

When the fluid conveyed through or surrounding the pipe attacks 
the metal, generally certain alloyed steels (such as the nickel chrome 
series, better known as stainless steel) can be secured in the form of 
pipes whenever the additional costs are warranted. 

Differing requirements demanded by installations of mains have 
been efficiently met by the use of steel pipe. In sub-aqueous work 
lengths of steel pipe have been welded together on a barge as it was 
towed across the water, the joined pipe being played out as the barge 
progressed and arcing to the bottom where the flexibility of the steel 


per! 
and 
fou! 
and 
wit 
I 
len: 
des 
laic 
in 
we 
us 
co 
let 
te 
24 
ul 
tc 

0 

e 

t 

f 

1 


VOL. 24, NO. 3] STEEL PIPE FOR WATER MAINS 353 


permitted the pipe to adjust itself to the irregularities of the bed 
without use of flexible joints. In other cases steel pipes have been 
assembled on the shore by couplings, and the full length towed out 
and sunk at the desired location. When a line is laid on insecure 
foundations, steel has been extensively used with entire satisfaction, 
and in normal constructions blocking or wedges are not as necessary 
with steel as with more brittle materials. 

In routine laying of pipe it is often necessary to use unusual 
lengths, in which case a gas torch will readily sever steel pipe at the 
desired point and with the required angle. When pipe lines must be 
laid in confined spaces the thin wall and great variety of diameters 
in steel is a benefit. 

The methods of joining lengths of steel pipe are numerous. The 
weldability and malleability of steel permits any type of joint to be 
used, such as threaded (in smaller diameters), bell and spigot, welded, 
coupled, and even flexible joints. 

It is frequent practice for oil and gas mains to be joined length to 
length on the surface and rolled into the excavated trench. 

Specials are now on the market for certain sizes, thus } and } turns, 
tees, crosses can be secured up to 16-inch size and some items up to 
24-inch. As soon as there is a demand for larger sizes these will 
undoubtedly be put on the market, but at present any kind of 
special can be produced either by welding or riveting bent steel plates 
together and these attached to the straight pipe by rivets, welds, 
couplings or flanges. 

Tapping for service connections has been mentioned by some as an 
objection to the use of steel mains. Yet there are few, if any, of the 
many steel mains now existing throughout the country which have 
not been tapped and the results have been, as far as I can learn, 
entirely satisfactory. There is probably not a city of any impor- 
tance, but has a steel steam main that has been tapped for a drip or 
for other purposes, and the connections thus made by threads have 
withstood several hundred pounds pressure for years. 

Not long ago I was told of tapping a 30-inch steel main for a 23 inch 
service connection under 170 pounds water pressure. In the course 
of cutting threads the rubber gasket of the tapping equipment blew 
out and, although the crew got wet, the corporation cock was screwed 
in satisfactorily. 

Permit me to add a suggestion in regard to tapping steel mains. 
Better threads will result, longer useful life of the tap secured, and 
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reduced time of tapping required if the tap is made or ground es- 
pecially for tapping steel. 


ECONOMY 


The economics of a pipe line will include practically all of the 
foregoing that has been discussed under the headings of reliability, 
efficiency and adaptability. In addition, there are such items as the 
cost of pipe, its delivery from the manufacturer to the trench, 
excavation, digging bell holes, laying and jointing pipe sections, 
backfilling and tamping, removal of surplus earth and replacement of 
paving, as well as charges for foremen, watchmen, insurance, ete. 

You will expect me to show how much more money will be war- 
ranted for a completed steel line that has all of the earlier mentioned 
valuable attributes. But this cannot be done, for, if careful estimate 
is made of the cost of installing a steel line in a great majority of 
cases, if not all, the costs of the steel line will be less than the usual 
types of water lines. ’ 

Lately I have compiled some comparative costs of laying water 
mains and have examined the costs of several large cities and’ con- 
tracting firms and take this opportunity to present the reason why 
the first as well as the final cost of a steel pipe line is less than that of 
any other suitable for water supply purposes. 

From 4-inch diameter and up a dipped steel pipe costs less per foot 
at the point of manufacture than any other ferrous pipe. A 30-foot 
length of steel pipe weighs less than a 12-foot length of pit cast iron 
pipe, even when the wrought pipe is designed to carry the greater 
pressures. Thus the weight per foot is less than 40 percent of a 
similar length of cast iron pipe, resulting in lower charges for freight 
and hauling. The cost for excavating the trench will be the same per 
foot for any kind of pipe, up to a point where the smaller outside 
diameter of steel pipe results in reduction of volume of earth or 
rock that must be excavated. Naturally the cost of digging bell 
holes will be greatly reduced, amounting to 40 percent on long straight 
reaches, or say 50 percent where there are a number of specials, 
valves, etc. If lead is used in bell and spigot joints every 12 feet, 
this with necessary labor and supplies will be about the same as the 
cost of purchasing and applying a coupling every 30 feet. 

It is apparent that the cost of laying a 30-foot length of steel pipe 
will be about the same as laying a 12-foot length of a pipe which has 
the same or greater weight, except where extensive shoring makes it 
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difficult to insert long lengths into the trench. It is certainly easier 
to align a long section than a short one and progress is more rapid 
with the longer lengths. 

A pipe with the resiliency of steel does not need the wedges or block- 
ing that a more brittle pipe requires, thus a saving in this material 
and labor. Backfilling and tamping will be the same for any kind 
of pipe, and the same may be said concerning the removal of surplus 
dirt, until the difference in exterior diameters affects this item. 

With more rapid progress and less man hours per foot required for 
30-foot lengths, the costs for foremen, watchmen, etc., will be less for 
steel than for the shorter lengths of other forms. 

In the figures which I have been able to develop as to a probable 
representative case, I have compared steel pipe in 30-foot lengths and 
connected with couplings with cast iron pipe in 12-foot lengths, 
having bell and spigot joints made with compound. These com- 
parisons, as mentioned before, are made with no intention to dis- 
credit cast iron pipe, but to use it as a reference well known to all 
of us. 

For the study of comparative costs pit cast iron pipe is assumed at 
$35.00 per ton at the manufacturing plant. As the figures I have 
secured indicate that the cost of making joints, including both 
material and labor when a jointing compound is used, is less than 
one-half of that when metallic lead is applied, this cheaper method 
of joining cast iron pipe has been used in the comparisons. 

The estimates of what may be called a typical line show that a 
completed line of 6-inch pit cast iron laid in 12-foot lengths with bell 
and spigot joints made with compound will cost 8 percent more than 
a 6-inch steel line connected by couplings. But, besides having a 
greater delivery capacity for the same diameter, the smoother in- 
terior diameter of a standard 6-inch steel pipe is 6.065 inch; so that, 
when the pipes are laid, that of cast iron has only 90 percent of the 
capacity of the steel. By comparing the costs on a capacity basis, 
the cast iron line will cost 19 percent more than the one of steel. 

Considering the effects of age, after the lines have conveyed active 
waters for 20 years or relatively inactive waters for 30 years, the 
cast iron line will have but 73 percent of the capacity of the steel. 
Thus at the end of this period of 20 or 30 years the cast iron line can 
be said to have cost 47 percent more than the steel. 

But the foregoing does not take into account leakage. Assuming 
that, with bell and spigot joints every 12 feet, the leakage will be 50 
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gallons per inch diameter per mile per day more than that of the 
steel line with coupled joints every 30 feet the value of this leakage 
at $100 per million gallons capitalized at 4.5 percent will add over 9 
cents per foot to the cost of the cast iron line 6 inches in diameter, 
making it cost nearly 19 percent more than that of the steel. Basing 
the compilation on the delivery capacities when both lines are new, 
the cast iron line will cost over 31 percent more than that of steel, 
and after they had conveyed active waters for 20 years or inactive 
waters for 30 years, the relative cost of cast iron pipe will be over 
62 percent more than the steel. Taking the mean of these two 
percentages or 46.5 percent, this excess cost at 4.5 percent annually 
amounts to the original cost of the steel line in a little over 17 years. 

Due to the length of this paper and the necessity of including 
quite a number of figures, similar data will not be presented for 
intermediate sizes of pipe, but those for 24 inches will be given. 

In the case of the 24-inch lines it is assumed that the inner diameter 
of the steel pipe will be 234 inches while that of the cast iron will be 
24 inches, thus the cast iron when new has 5 percent more capacity 
than that of steel. 

As laid, the cast iron line will cost 44 per cent more than the steel, 
but the greater capacity of the new cast iron pipe reduces this to a 
little more than 37.5 percent. When both pipes have conveyed 
active waters for 20 years or relatively inactive waters for 30 years, 
the cast iron line has but 94 percent of the capacity of the steel so 
that the relative cost of the completed cast iron line is a little over 
53 percent more than that of the steel line. The leakage on the fore- 
going basis would add 37 cents per foot to the cast iron line making its 
cost per foot nearly 52 percent more than the steel. But allowing for 
the greater carrying capacity when new and the smaller one after 
20 or 30 years of service and evaluating the leakage, the cast iron 
line costs are about 45 percent more when new and 58 percent more 
after the specified years of service than the steel. The mean of these 
two differences, or 51.5 percent, indicates that, if this excess of cost 
of the cast iron line should bear interest at the rate of 4.5 percent 
annually, it will amount to the cost of the steel line in about fifteen 
years. 

Although I have been rather prolix I hope you will realize that an 
effort has been made to keep this paper to a minimum, and still 
contain such facts and data as may be of value to you. 
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CAST IRON PIPE FOR TRANSMISSION AND 
DISTRIBUTION OF WATER SUPPLIES" 


By BurGess? 


In the operation of all municipal water supplies and particularly 
of those serving the larger cities, the management is continually con- 
fronted with problems relating to the construction of pipe lines 
required for the transmission and distribution of water supplies to 
the community served. This paper is presented primarily to dis- 
cuss the problem of selecting a satisfactory material for transmission 
and distribution mains and it is the intention of the paper principally 
to direct the attention of managers of water works properties to the 
advantage of using cast iron pipe lines for both transmission and 
distribution mains. 

One of the features affecting the importance of the problem of 
transmission mains is the fact that, particularly for the larger cities, 
in order to secure an adequate and satisfactory water supply, it 
has been necessary to go a comparatively ldng distance from the 
community served so that the use of long transmission mains of 
comparatively large diameters is now a feature in the development 
of the supplies for most of the larger cities in the United States. 
Furthermore, within the cities themselves, the problem of distri- 
bution has become complicated by the congestion of heavy centers 
of population requiring the use of large pipe lines which must of 
necessity be of permanent construction since they are placed under 
heavy pavements and because breakage of such lines might result 
in large damage to adjacent property. 

Some of the principal features which the management may 
properly consider in the selection of material for pipe lines used 
either for transmission or distribution purposes, include: 

1. First cost and annual expense for sinking fund, interest, and 
maintenance of the pipe lines. 

2. The relative carrying capacities of pipe lines of different ma- 


1 Presented before the Missouri Valley Section meeting, October 30, 1931. 
2 Consulting Engineer, Columbus, Ohio. 
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terials due to the different coefficients of flow. These differences 
are caused by the varying smoothness of the interior surfaces of 
the pipe. 

3. The permanence of the pipe line with continued use as affected 
by outside soil conditions which may or may not have a tendency 
to corrode the outside of the pipe surfaces. 

4. The permanence of the carrying capacity of the pipe line which 
may be affected either by deposition of debris on the inside of the 
pipe line or by tuberculation of the pipe material, or by abrasion 
and corrosion. 

5. The ability of the pipe line to withstand interior pressures or to 
withstand the forces induced through outside agencies such as back- 
filling and traffic loads. 

6. The ability of the pipe to withstand the forces of nature and 
particularly the expansion and contraction brought about by 
changes in temperature. 

7. The ease of making pipe connections as may be necessary 
particularly within the distribution system. 

For the ordinary distribution of water where the element of 
permanence is of greatest importance and where it is necessary 
frequently to make taps, or connections, for service or other pipe 
lines, experience and practice has shown that cast iron pipe is 
particularly well adapted and has been used for distribution systems 
for many years with very satisfactory results. When properly laid, 
with good joints and proper backfilling, cast iron pipe has lasted 
for many years and is now very generally recognized as the most 
economical and most satisfactory pipe for distribution systems in 
sizes up to 24- or 30-inch diameter. 

In a general way, it would seem to be undisputed that, except for 
certain locations comparatively remote from the districts where cast 
iron pipe is manufactured, this material is now used exclusively for 
the smaller pipe lines in the distribution systems of water works 
plants. For such use cast iron pipe has the merit of least first cost, 
greatest permanence and least maintenance. No other material 

adapts itself so readily for making connections to other lines. On 
account of the thick walls used for cast iron pipe, it is particularly 
well adapted for tapping for small service lines which, of course, 
make up a very important part of all water distribution systems. 
Except in localities where cast iron pipe is quite expensive on account 
of the high cost of freight required for delivery, this material is in 
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a non-competitive field for use in water distribution systems. When, 
however, it becomes necessary to use pipes of large size, the field 
becomes competitive and the management must select between such 
materials as cast iron, steel, reinforced concrete and wood all of 
which are now available and are used for pressure pipe line ma- 
terials. 

Again for very large pipe lines, say over 6-feet diameter, the field 
becomes practically non-competitive because a combination of steel 
and concrete seems to be best adapted for large lines. For pressure 
service, large pipe lines generally consist of a steel cylinder with 
concrete lining and with concrete placed around the pipe to provide 
stiffness required that the concrete lining may not be broken by 
deflection of the top or side walls of the pipe line. Such pipe may 
be considered to be “reinforced concrete pipe” or may be classified 
as steel pipe with concrete protection. Experience indicates that, 
especially where such pipe lines are under considerable pressure, 
the steel diaphragm is necessary to protect the concrete against 
disintegration through percolation of the water through the walls 
of the pipe and, further, experience indicates that the concrete is 
necessary to provide satisfactory protection for the steel against 
corrosion and against deflection. 

It is in the intermediate field, namely, from 24- or 30-inch diame- 
ter to large size pipe lines that the management has the opportunity 
to exercise judgment in the selection of material, particularly for 
transmission mains where the water is carried under considerable 
pressure. It is under such conditions that the several features 
which may properly be considered in selecting the most satisfactory 
pipe line material should be given careful consideration. 

In connection with the cost of such a pipe line, it is important to 
note that the first cost is not the only element to be considered. 
In the long run, the pipe which may be installed the most cheaply 
may entail the highest annual expense. The annual expense is 
affected not only by the first cost, but also by the length of useful 
life of the pipe line, its cost of maintenance, and its relative carrying 
capacity. 

Not the least important feature of any pressure pipe line is the 
selection of proper joints and joint material. It is, of course, true 
that satisfactory joints are necessary in order to permit rapid and 
economical installation of the pipe line and they are further neces- 
sary in order to give a smooth interior surface of the pipe and to 
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prevent leakage. In connection with steel pipe lines with riveted 
joints, it is important to provide sufficient slip joints to avoid break- 
age of the line through contraction due to temperature changes, 
Slip joints are necessary also for the protection of concrete pipe in 
order to avoid damage through changes in length induced by shrink- 
age and temperature changes. For ordinary line work, the hub 
and spigot joint used for cast iron pipe is very satisfactory because 
it provides a good tight joint with economical and rapid installation 
and it also permits all the flexibility and expansion necessary for 
the protection of the pipe line after it is placed in the ground. 


FIRST COST 


As would be expected, the first cost of an important pipe line 
varies according to the cost of the materials delivered on the ground 
and the cost of local labor required for trenching and installation. 
For cities located in the middle west and near steel manufacturing 
centers, steel pipe made with welded horizontal joints and riveted 
field joints generally has the advantage over other materials with 
respect to first cost. Cast iron pipe costs more than welded steel 
pipe and reinforced concrete pipe is generally in the intermedi- 
ate field. 

As we go further west, metal. pipe becomes more expensive on 
account of the increased cost of freight. Here the range on cost is 
well indicated by bids received during the current year at Lincoln, 
Nebraska, for a 36-inch pipe line 25 miles long. 

These were as follows: 


rs-inch steel dipped 1,031,129 
#-inch steel wrapped 999 , 305 


The above figures show that steel and reinforced concrete pipe 
were bid at practically the same cost while cast iron pipe was bid at 
a considerably higher price. Before making any award at Lincoln, 
the city officials and the Citizens Water Committee made a long 
and careful investigation of the relative merits of the different kinds 
of pipe and finally decided unanimously in favor of cast iron pipe. 
It is understood that their decision was based largely upon the 
necessity for permanence. 
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USEFUL LIFE 


In selecting the material to be used for an important pipe line, 
where the element of first cost is not of greatest importance, it 
becomes necessary to consider such features as total useful life, 
carrying capacity and annual expense required for maintenance and 
replacement. The most important feature to be considered is that 
of its total useful life. Here the history of cast iron pipe is particu- 
larly satisfactory. There are today in the United States and else- 
where many lines of cast iron pipe which have been in continued 
service for over eighty years and which are now still giving: satis- 
factory service with evidence of long continued future life. There 
is no such record available for pipe lines of any other material. 

The history of riveted steel pipe contains many examples of lines 
where, with continued service of perhaps twenty-five years or more, 
it has been found necessary to repair such lines very extensively, or 
to replace them. This is attributable to the fact that the steel 
pipes were laid in corrosive soil without a satisfactory protective 
coat. Past experience particularly with steel pipe lines indicates a 
comparatively short life for such pipe lines laid in certain soils where 
the durability of the pipe line material has depended largely upon 
the permanence of the pipe covering and upon the protection which 
the pipe line may have received from the covering. There is no 
good reason to believe that future experience may be different from 
past history so that we may properly conclude that, in many in- 
stances, the total useful life of a steel pipe line depends largely upon 
the durability of the protective coating applied after the pipe is 
manufactured. 

The life expectancy of small galvanized wrought iron or steel pipe 
has been well indicated by the history of such lines which are com- 
monly used for services and short extensions for water and gas 
distribution systems throughout the United States. Experience 
has indicated that such lines may give satisfactory service for from 
fifteen to forty or fifty years depending largely upon the soil condi- 
tions surrounding the pipes. 

There is no long time history available to show the total useful 
life to be expected from steel cylinder reinforced concrete pipe 
operating under considerable pressure. Especially in California, 
where the cost of metal pipe lines would be comparatively high, 
concrete pipes have been used satisfactorily in a number of locations, 
but, in general, such pipe lines have operated only under low heads. 
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In considering the probable durability of concrete pipe, it is well 
to understand that concrete is a product that can be assembled by 
any one from simple elements that can be purchased in any locality, 
This is not true of any other pipe material. The quality of the 
final concrete product depends upon the material used and, in addi- 
tion, depends very largely upon the skill and quality of workman- 
ship maintained. While it is true that it is possible to construct 
concrete pipes which may give very satisfactory long time service, 
nevertheless there is always an element of uncertainty entering into 
their manufacture because of the many possible variations in both 
materials and labor used. 

It may be of interest to refer to the Proceedings of The American 
Concrete Institute, 1927, page 483, wherein George D. Chandler 
presents a paper entitled ‘Effects of Time Before Placement in 
Concrete Pipe Manufacture.” In this article Mr. Chandler indi- 
cates some of the difficulties he has encountered in the manufacture 
of concrete pipe. One of his conclusions is thought to be of particu- 
lar interest and is as follows: “That under given conditions of mix, 
that is equal aggregate, water and cement content, there is a wide 
variation in cohesiveness and machineability imparted to the mix 
by cements from different sources.” 

There are certain important properties of cement which affect 
the quality and particularly the durability of concrete mixtures and 
products and which may not be indicated by the usual labora- 
tory tests. 

The above discussion is presented not to give the impression that 
it is impossible to build a good reinforced concrete pipe, but rather 
to promote an understanding that there is an element of uncertainty 
in the construction of reinforced concrete on account of the very 
nature of the materials used. Such uncertainty does not enter 
into the manufacture of metal pipes, whether of iron or steel. Under 
present day practices, the purchaser can be confident that the ma- 
terial used in the manufacture of iron or steel pipes will be very 
closely within the limits specified. In the construction of concrete 
pipes, which are built from local materials and from various brands 
of cement, there is not the same uniformity to be expected in the 
final product as is true in the case of metal pipes. Furthermore, if 
the interior of the concrete pipe is not impervious to water we may 
expect that with continued use for carrying water under pressure 
and at considerable velocity its interior surface will gradually become 
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less smooth with consequent material decrease in the carrying 
capacity of the pipe line. 


CARRYING CAPACITY 


Consideration of the comparative cost and reliability of service 
requires knowledge of the carrying capacity that may be obtained 
by pipe lines built of the various materials available both when 
first placed in service and after the line has been in use for years. 
The smoothness of the interior of the pipe is one of the controlling 
factors in determining the velocity of flow and the ideal pipe is one 
with smooth glasslike surface when new. The quality of the surface 
should not be affected materially throughout the service life of 
the pipe. 

It is obvious that if a pipe line of one material will deliver more 
water than another line of the same size built of another kind of 
material then the first line is worth more than the second. This is 
true with respect not only to new pipe, but also with respect to pipe 
that has been in service a good many years. The relative values of 
pipe lines as determined by engineers have been based upon such 
factors as total service life and relative carrying capacities. By 
using these evaluation factors, construction bids are reduced to a 
common level, or base. 

In the eastern and southeastern sections of the United States the 
water supplies available are colored, of low hardness content, and 
frequently contain free carbonic acid gas. Such waters are active 
and corrosive to iron and steel so that, if the inside protective coating 
of the pipe is ineffective, the metal is attacked and corroded with 
the result that it becomes pitted and tubercles attach themselves 
to the inside of the pipe. Such tubercles are important primarily 
because they result in a considerable decrease in carrying capacity 
much out of proportion to the size of the tubercles. 

Such corrosion of metal pipe, whether of cast iron or steel, can 
be prevented by either one or both of two methods available. The 
first method is to treat the water supply so that it is not active. 
This is undoubtedly the best method because it protects not only 
the transmission lines, but also the distribution system and house 
plumbing of the consumer. The cost of treatment required is more 
than compensated for by the benefits received. 

The second method is to provide a better interior coating for the 
pipe. Cement lined pipe has been used for carrying active waters 
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for a number of years with good success. Cement lined pipe does 
not corrode on the inside even with very active waters and, without 
such corrosion, there is no decrease in carrying capacity even after 
years of service. Cement lined pipe should be used in all cases 
where the water supply is corrosive at least until some other suitable 
and perhaps more economical coating is available. For pipes of 
24 inches or greater diameter cement lining for cast iron pipe may be 
obtained at an approximate cost of 1 cent per square foot of pipe 
surface covered. 

In case of non-active waters, there is no reason to expect any 
material loss in the capacity of a cast iron pipe line even after long 
years of service, so that the flow coefficient used for evaluating con- 
struction bids for cast iron pipe for non-active waters should be 
little, if any, less than that generally used for new cast iron pipe, 
namely 150, in the Williams-Hazen formula. 

Mr. Fred C. Scobey suggests the use of a coefficient of 140 in the 
Williams-Hazen formula for new concrete pipe lines.’ It is under- 
stood that this coefficient applies only to concrete pipe with excellent 
interior surface conditions. It does not provide any factor of 


safety. He also places cement lined cast iron or steel pipe in the 


same grade. 

For new cast iron pipe, the proper coefficient in the Williams- 
Hazen formula would seem to be little, if any, lower than that for 
concrete pipe. 

Summarizing the above discussion with respect to flow coefficients, 
it does not appear that any material has a decided advantage in 
carrying capacity over that to be expected for cast iron pipe, pro- 
vided that a proper interior lining is selected or that the water 
supply is so treated that it is non-active or corrosive to iron or steel. 


CORROSION 


Evaluation of pipe line materials requires consideration of the 
probability of corrosion to the outside surfaces of the pipe where it 
remains in the ground for a long time in contact with the surround- 
ing soil. Much has been written on soil corrosion, but there is a 
lack of evidence to show the expectancy of soil corrosion in various 
localities upon different kinds of pipe line materials and pipe line 
covering. The Bureau of Standards of The United States Depart- 


* “Coefficients of Flow in Concrete Pipe,’ Journal, January, 1929, page 20. 
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ment of Commerce is now carrying on a very interesting and in- 
structive series‘ of investigations planned to indicate the corrosive 
quality of various soils and, at the same time, to indicate the corro- 
sion, or pitting, experienced by pipe lines of various nature built in 
these soils for total periods up to ten years. Progress reports of 
these investigations indicate considerable differences in the corrosive 
qualities of soils but they do not give any conclusion as to the 
relative merits of various pipe line materials to withstand corrosion. 

Investigations of the Bureau of Standards include tests of various 
protective coatings for metal pipe and the tentative conclusions of 
these tests are of special interest and indicate that ‘“‘a coating better 
than any of the dipped coatings under test is needed for a number of 
soil conditions.”* None of the coatings seem to give satisfactory 
protection, although special wrapped pitch coatings seem to give 
the best results. Such coatings are expensive. According to Dixon 
they cost about 8 cents per square foot of pipe surface covered.® 
Although the wrapped coatings are superior to dipped coatings they 
are not effective in preventing soil corrosion of pipe lines. 

For pipe line purposes, the chief advantage of cast iron as com- 
pared with steel lies in the fact that, while the rate of corrosion of 
cast iron pipe during the first few years after it is buried in the 
ground, may not in some localities differ greatly from that of steel 
under similar soil conditions, the wall thickness of cast iron pipe is 
considerably greater. In most soils the rate of pitting decreases 
with time so that a pipe line which is twice as thick as another 
would last more than twice as long because of this decrease in rate 
of pitting. 

Furthermore the corrosion products of steel are usually very loose 
and offer only slight protection to further corrosion of the pipe. 
The corrosion of cast iron pipe usually follows the graphite flakes 
and takes the form of so-called “graphitic corrosion” in which the 
corrosion products are intermingled with small particles of incom- 
pletely corroded metal. Under favorable conditions, this corrosion 
product hardens when exposed to a limited supply of oxygen and 
produces some strength as pipe material. Under such conditions, 
the pipe may continue to serve its purpose even though corrosion 


4 Technologic paper of The Bureau of Standards, No. 368, entitled ‘Bureau 
of Standards Soil Corrosion Studies;’’ also Bureau of Standards “Journal of 
Research,”’ July, 1931, entitled ‘‘Soil Corrosion Studies, 1930.’ 

5 Journal, May, 1930, page 588. 


| { 
does 
thout 
after | 
Cases 
table 
of 
y be 
Pipe 
any 
long 
be 
ipe, 

the 
er- 
ant 
of 
he | 
or 
8, 
| 
)- | 
r 

| 


366 PHILIP BURGESS [J. A. W. W. A, 


products have progressed entirely through the pipe wall at some 
points. 

In general, corrosion experience favors the use of cast iron because 
the cast iron pipe walls are comparatively heavier; because the rate 
of corrosion of metal pipes with continued use is very slow after 
the first few years, thus favoring the heavier pipe; and because the 
products of corrosion of cast iron have a tendency to protect the 
metal against further corrosion. In our present state of knowledge, 
therefore, we are justified in giving cast iron pipe lines the benefit 
of much longer service lives than can properly be given to steel 
pipe under similar conditions, especially where it is known that soil 
conditions are such that corrosion is to be expected. — 

It is of interest to note the decision of The Board of Water Supply 
of the City of Albany, New York, as reported by the supervising 
engineers’ to adopt cast iron pipe material to be used in the new 
48-inch water supply conduit for the City of Albany. This was a 
single supply line over 15 miles long and, quoting from the engineers, 
“It was, therefore, desirable to select a type of conduit material 
which should be unquestionably dependable for continuous service 
day in and day out throughout this period of time (twenty-five or 
thirty years).” Only one piece of pipe has been replaced in this 
line since beginning work on the project. 

The experience of the City of Albany with steel pipe had been 
such that the Board did not care to consider this material for the 
new line. In about 1900, Albany had built a 48-inch diameter steel 
pipe line from the filter plant to the Quackenbush Pumping Station. 
By 1926-27 a large number of leaks had developed in the line and, 
in 1928, the steel line was abandoned and a 48-inch cast iron line 
substituted in its place. 


BREAKAGE 


The possibility of breakage is an important consideration in the 
selection of a material for an important pipe line. Investigations 
of breaks in cast iron pipes indicate that, in practically all cases, 
such breaks have been due to outside causes and not to defective 
material. Today much of the cast iron pipe now being manufac- 
tured in sizes up to 24-inch diameter is made by the centrifugal 
process and a much tougher and stronger metal is being used so 


*‘ Horton and Smith, Journal of The New England Water Works Asso- 
ciation, June, 1931, page 11. 
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that the liability of breakage of cast iron pipe in such sizes is now 
even less than it has been in the past. When cast iron pipe is 
properly supported in the trenches and is not subjected to improper 
hazards from outside causes, the danger through breakage of such 
pipe should be negligible. When such breaks have occurred it has 
generally been the case that they could have been prevented by the 
exercise of even a reasonable amount of care and good judgment. 
Of 203 breaks in modern cast iron pipe investigated in the period of 
nine years, the following were found to be the causes: 


Settlement of earth under pipe... . 58 

22 


The above table is of interest because the data shown would 
indicate that, in most instances, breaks that have occurred in cast 
iron pipe could have been avoided had the management of the 
properties exercised only ordinary care to see that the lines were 
properly installed and protected after they were placed in service. 
The instances of failure through defective material occurred largely 
in pipe lines built before standard specifications for cast iron pipe 
were available and before the manufacture of pipes received the 
close supervision and inspection to which it is now subjected. 


CONCLUSION 


In conclusion and summing up the salient features that have been 
discussed above, it would seem that the conservative management 
of a water works property can not be subject to criticism for the 
selection of cast iron pipe for transmission and distribution water 
lines of the smaller and intermediate sizes in preference to other 
materials that may be available for the reasons (1) that no other 
pipe line material enjoys the same satisfactory history of perform- 
ance through many years of service under all kinds of soil and other 
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conditions which may have a bearing on the service life of trans- 


mission and distribution mains used for the conveyance of water; 
(2) when cast iron pipe is properly coated on the inside, its per- 
formance with respect to carrying capacity, both when new and 
after years of service, is unsurpassed by any other pipe line material 
now in common use; (3) the danger of breakage of cast iron pipe 
can be reduced to a point where it is not important by the exercise 
of proper supervision and engineering skill during the installation 
of the pipe; (4) a correct evaluation of construction costs and annual 
expense of pipe lines in the eastern and central sections of the 
United States should show a comparatively favorable annual expense 
entailed by the use of cast iron pipe in preference to any other pipe 
line material; (5) the service life that may be expected of a cast 
iron pipe line is already well established in many sections of the 
country so that no uncertainty is entailed by its use in new projects 
at or near former installations. 

In view of the long favorable history of cast iron pipe, a history 
not equaled by that of any other pipe line material, who would 
criticize the use of this material where durability and continuity of 
service are of major importance? 
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toes: GRAVEL ENVELOPE VERSUS STANDARD WELLS! 
xercise By Artuur TayYLor? 


lation 
annual The object of a drilled water well is to provide a deep chamber or 


of the vertical shaft in the earth’s crust into which water percolates free 
xpense | from sand or silt and from which it can be extracted and raised to or 
r pipe | above ground surface. 
a cast The common methods of extracting this water collected in the 
of the | chamber is by plunger pumps, deep well turbine pumps or compressed 
ojects _— ar. 
The primary objectives desired in a drilled well are: (1) a chamber 
istory or bore of ample diameter to properly house the pumping equipment; 
vould (2) a casing to withstand safely the external pressure and give reason- 
ably long life; (3) perforations which will permit inflow of subter- 
ranean water with the least possible friction loss, yet will stop the 
flow of gravel and sand after the immediately adjacent sand and silt 
- have first been washed into and through the perforations; and (4) 
the most important requisite, a condition that will permit the ex- 
traction of the maximum amount of subterranean water with the 
least drawdown from the formations through which the well has been 
drilled. 

Needless to say, where there are no loose sand or gravel strata-or 
soft dirt or clay formation, casing is unnecessary. This condition sel- 
dom prevails in the southwest so we will devote our time in the dis- 
cussion of cased wells which is the type in general use for the develop- 
ment of underground water from our common valley fills. 

Let us return to the four general requisites. 


ity of 


1. A bore of ample size to house the pumping equipment 


Having no knowledge of the expected yield of a well, other than 
that obtained from a superficial study of the terrain, watershed, rain- 
fall and apparent ground absorption, it is little more than an educated 
guess what diameter size should be selected. There is but slight 


1Presented before the California Section meeting, October 29, 1931. 
*Consulting Engineer, Los Angeles, Calif. 
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economy starting with a casing less than 10 or 12 inches, for equip- 
ment, transportation and drilling costs are the major items. And if 
one anticipates the use of a turbine pump, less diameter generally pre- 
cludes the use of a pump with a satisfactory efficiency. 

On the other hand, if fair knowledge is obtainable on the general 
character of formation expected to be encountered, the water table, 
yield and drawdown of other wells in the same basin; the size of bore 
or casing is then fairly predeterminable. Considering first the pump 
size: there has been a somewhat abused practice of installing pumps 
without enough clearance in the casing, especially if the bowls are 
set below the upper perforations. Too many pumps have been 
jammed in wells, which results both in the loss of the pump as well as 
the well, not mentioning the inconvenience of a long period with- 
out water pending the completion of a new well. 

The writer knows of the loss of pumps and wells by this short- 
coming, where a wrench or other appliance has been dropped into 
the well, jammed between the pump and casing, thus preventing the 
removal of the pump; and other cases where gravel has fallen through 
the upper perforations and jammed the pump so it could not ever be 
removed. The latter catastrophe is more apt to occur in a crooked 
than in a well-directed well. 

It is the writer’s opinion that the casing should be at least 2 inches 
greater in diameter than the pump. Three or 4 inches is even safer 
practice, especially if the well is not particularly straight. 

As the casing diameter is also a function of the rate of infiltration 
into the well, considerable weight should be given also to that ele- 
ment. As a general rule, the tighter the waterbearing formation the 
slower the rate of infiltration. Hence, for the largest production 
possible, if the formation is tight or slow yielding, the diameter 
should. be as large as the pocket book will afford, of course, on the 
hypothesis that the subterranean water supply is there and annual 
replenishment is expected. 


2. Casing 


The cost saving in casing gauges less than two-ply No. 12 for 10- 
and 12-inch diameter is but a small per cent of the job cost. That 
gauge is about the lightest it is safe to use with a standard type drill 
rig where casing is forced down with energy applied through hydraulic 
jacks. Under any method of drilling, casing of less weight is flimsy 
and most likely will be short-lived. Twelve to 16- inch wells should 
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use two-ply, 10-gauge or 8-gauge casing, and 18-inch up, two-ply 
8-gauge. These weights provide proper rigidity, withstand external 
pressure, take perforations satisfactorily and offer a fairly long life 
against corrosion. However, this latter factor naturally varies 
greatly with the chemical constituent of both the water and the 


soils. 
3. Perforations 


Wells drilled by the standard or percussion method generally have 
the perforations made after the casing is in place. Rotary dug wells 
permit of pre-perforation of the casing and setting the perforated 
sections opposite the waterbearing strata. 

How many wells have been ruined, are inefficient producers, or 
continually flow sand due to improper perforation! 

There is but one proper method of perforating casing, namely, to 
cut the slots the size you want and at the points you want them cut— 
and not gouge open the seams in the casing, thus making apertures 
several times larger than desired through which sand flow may never 
stop. 

A perforator which lacks a device for definitely detecting the seam 
location affords a risk which is not worth taking. 

The location, width, breadth, area of perforation, the number of 
cuts per circumference and number of cut rings per foot are factors 
the engineer should determine for each well. Hydraulic calculations 
are not amiss to a certain extent. However, practice and experience 
play a far greater réle in properly perforating. While the vertical 
slot has been the most universal method of perforating, the horizontal 
“shutter” type cut seems to afford means of better controlling the 
size of aperture and possibly the little shutter over the cut helps to 
protect it and more perforations can be made than with the vertical 
cut. 

The aim in perforating is to provide sufficient waterways for the 
maximum yield to enter. Almost invariably in our alluvial cones 
and valley fills, it is necessary at first to invite the sand and silt into 
the well through the perforations leaving the area immediately out- 
side the perforated sections banked up with gravel which will permit 
infiltration with the least possible loss of hydraulic head. If there is 
no sand or silt in the waterbearing gravels, then, of course, this opera- 


tion is not required. 
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THE GRAVEL ENVELOPE WELL 


All the foregoing may be called preamble. Item 4 is really the 
crux of this paper. ‘The primary objective desired in a drilled well 
is a condition that will permit the extraction of the maximum amount 
of subterranean water with the least drawdown from the formations 
through which the well has been drilled.” 

Waterbearing sand strata without an intermixture of pea gravel or 
larger, cannot yield water into the well without a flow of some sand. 
Naturally, perforations cannot be made so small that they screen off 
the sand; if they were, the sand would soon close up the perforations. 

For this reason, the gravel envelope or gravel encased well was 
developed. 

While my listeners are waterworks men of varied and wide ex- 
periences, some of you may not be familiar with this type of water 
well. 

There are really two distinct common types of gravel envelope 
well; viz., standard cable tool and rotary. In drilling a gravel enve- 
lope well with the standard or percussion type rig, the casing is 
adapted with an enlarged diameter shoe usually 4 to 10 inches larger 
diameter than the casing itself. As this well is drilled by bailing 
out the debris from the inside and the casing forced down along with 
the drilling and bailing, the enlarged shoe makes a larger bore than 
the casing, thus forming an annular ring the width of which is the 
difference of diameter of the shoe and the casing. It is in this annu- 
lar ring that the gravel (usually }- to 23-inch diameter) is poured as the 
well casing sinks step by step, thus forming a gravel encasement 
around the casing. 

The rotary type gravel envelope well differs in that the bore is 
made considerably larger than the casing to be set, usually 6 to 12 
inches. The well is bored and/or reamed its full depth, pre-perforated 
casing installed in the center of the bored hole and gravel poured into 
the annular ring, which is continuously circulated with driller’s mud, 
thus forming a complete gravel envelope or encasement around the 
entire length of the casing. After gravel installation, the mud is 
washed out. 


PLAIN WELL VERSUS GRAVEL ENVELOPE 


A plain well has to rely upon the natural gravels encountered in 
the formation to afford the percolating or infiltration screen around 
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the perforations. A gravel envelope well builds up its own gravel 
percolating screen throughout the length of the casing. 

With a plain well it is either hazardous or disastrous to perforate 
at the sand strata, if there are no gravels bigger than the perforations 
to form a sand shut-off screen. 

Thus from this angle, it is obvious that a waterbearing sand stratum 
without gravel or underlying gravel cannot safely be made to produce 
water with a plain well, while with a gravel envelope it can be made 
to produce all the water its intercepted stratum carries. In other 
words, other things being equal, the casing of a gravel envelope well 
will provide a far greater percolating area and consequently should 
yield more water. 

In typical valley fill basins with irregularly alternating sand, gravel 
and clay strata, the writer has found, with hardly an exception, that 
properly constructed gravelled wells produce 50 to 100 per cent more 
water than the replaced plain wells or plain wells similarly situated 
and conditioned. 

To expect such additional benefits, the gravelled wells must be 
properly constructed. The gravel must be a continuous column with 
the casing as its core. This core must be truly in the center. If the 
gravel bridges, its purpose is defeated. This continuous, unbridged 
column must exist after the well is cleaned of all pumping sand. 

It is the opinion of the writer, based on the observations of many 
gravelled wells, both standard and rotary, that if considerable sand 
and silt is pumped out of the well during the cleaning and testing 
periods there must be a settlement of the gravel column in capacity 
nearly equal to the amount of sand and muck extracted from the well. 

Quite a few friendly arguments with the well drillers have con- 
vinced the writer that the voids created by the extraction of sand and 
silt must be refilled with the applied gravel to result in an unbridged 
continuous column of percolating gravel. 


CONDUCTOR PIPE OR CAISSON WITH GRAVEL ENVELOPE WELL 


For domestic water or other development, where prevention of 
contamination by surface drainage is an issue, it is necessary with 
gravel envelope wells, either standard or rotary type, to first sink a 
conductor pipe or caisson down to a cut-off in clay or beyond reach 
of contamination. This casing is usually 6 to 12 inches larger in 
diameter than the well casing. It serves an additional purpose of 
being the guide through which the gravelled well is sunk. Unfor- 
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tunately, this adds considerably to the cost of the gravel envelope 
wells. 


COMPARISON OF ROTARY AND STANDARD GRAVELLED WELLS 


In the opinion of the writer each method has its advantages, 
Wherein the preponderence lies there is no consorted agreement. 

Generally the rotary job costs much more than the standard. 

The risk of not obtaining an unbroken gravel encasement to the 
bottom of the drilled hole is less with the rotary. It uses pre-perfor- 
ated casing. The suspended casing will generally be very straight. 
It can go to greater depths with less risk. 

But with the rotary well, the writer does not know of any means 
of taking representative samples of water for chemical tests until 
after the well is completed and pumped. The log of the rotary test 
hole is not as telltale as the cable-tool standard drilling method. 

The necessary use of driller’s mud with the rotary method affords 
some risk of stoppage of some water strata, particularly if a serious 
breakdown of equipment occurs during which time the mud circula- 
tion is stopped for considerable time. 

Both methods must be well done by highly skilled and experienced 
drillers using first-class equipment and work must be well supervised 
or else the risk and extra cost cover the plain type well is not justified. 

If the work is successfully done according to well-prepared and 
strict specifications, then the extra investment is well warranted, for 
the increased yield will be worth more than the extra first cost of the 
work, providing, of course, that the formations indicate the necessity 
of a gravel encasement for the well to yield its maximum. 
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FACTORS DETERMINING WELL DIAMETER AND CASING! 


By A. BLAKESLEY? 


The factors that determine the size of wells are composed of many 
items, a few of which are: 
. Type of soil and their effect on percolation. 
. Depth to surface water. 
Area of the body of water to be pumped from. 
Probable ability of the pumped area to be replenished. 
. Depth to pure water. 
. Quantity of water desired. 
. Uses for which the water is desired. 


FRICTION OF CASING 


It is, I believe, considered by most engineers that 18 inches or 
larger casing should be used to reduce friction losses in the casing and 
in the suction which can be accomplished by using a larger suction 
pipe. 

This is especially true where the wells are deep and the water may 
come from near the bottom. You can readily compute the friction 
losses for quantities of water in casings of various sizes and you will 
find that it pays to have large casings to reduce these losses. That is, 
by maintaining a higher water level in the casing while the pump is 
actually operating, the actual energy consumption per acre foot or 
gallons per minute of water pumped is reduced. 


PERCOLATION 


Large casings are important in that they increase the percolating 
area into the pipe. This is particularly important where fully per- 
forated casing is used and if you depend upon having water enter the 
casings entirely through the perforations. The probability is that 
the rate of percolation does not vary directly as the diameter, but it 
does increase as the diameter increases, which increases the well 
efficiency. 

1Presented before the California Section meeting, October 29, 1931. 

*Chief Engineer, Merced Irrigation District, Merced, Calif. 
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In open bottom wells which draw entirely from the bottom, per- 
colating area, of course, depends upon the sump pumped out around 
the bottom of the casing. In such wells the effect of the large pipe 
is only to reduce friction in the suction pipe itself. 


TURBINE INSTALLATION 


Where deep well turbines are used the size of casing has a great 
deal to do with pump efficiency. The larger the casing the larger the 
bowls that can be used in it, for as we all know the small centrifugal 
pumps running at high speed are not as efficient as the larger turbine 
pumps which run at less speed. 

Large casing has another advantage where deep well turbines are 
used, in that it can be somewhat crooked and still permit the instal- 
lation of the pump. 


COST OF WELL 


Ordinarily the cost of a well is but a small part of the cost of a 
completed pumping plant. The ordinary plant costs about $5,000 
and the well itself does not amount to more than 10 to 20 percent of 
the total plant cost. You can thus double the cost of the well by 
making it larger and still not add much to the total plant cost. 


DRILLING 


Offsetting these advantages of large casings are the facts that 
drilling of such wells requires a better outfit, a better trained crew 
and there is at times a slightly greater danger of collapsing in a large 
than in a small casing. 

While we have installed a great number of 16-inch wells in this 
District it has been purely from a financial standpoint, as it is well 
known that a well from 18-inch up is certainly a preferable type 
to use. 


DRAINAGE WELLS 


In addition to the above analysis which applies to domestic as well 
as drainage use, I wish to illustrate an installation that deals only 
with drainage. Under certain conditions it is preferable to install 
two wells, but with the pump operating in only one, in preference 
to installing a large casing. As an example, suppose that the original 
well is constructed with an 18-inch machine perforated casing and will 
produce in the neighborhood of 1600 gallons of water per minute with a 
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drawdown of 55 feet. However, conditions may prove that the quan- 
tity of water is not sufficient properly to drain a given area. This is 
established by the actual surface conditions of the surrounding terri- 
tory and more properly arrived at by a series of small 2-inch test wells 
driven down to the water table at right angles from the pump that 
is operating. By making a study of the water table, between the 
well and the affected area that is inadequately drained, we then pro- 
ceed to install probably a 14- or 16-inch machine perforated casing 
from 15 to 20 feet away from the operating well. This auxiliary well 
is usually put down to approximately the same stratum that the 
operating well is. A developing pump is then installed in the auxil- 
iary well to create a pocket or channel at the base of the auxiliary 
well. In the meantime the operating well has been closed down. 
After shutting the auxiliary well down, then the main well is pumped 
and this process is continued until an actual water channel is estab- 
lished either directly from the bottom of the main well to the bottom 
of the auxiliary or else through gravel strata which may be above the 
bottom, if it is a closed type bottom well. After this process has been 
completed you again test the original well and you will find that it 
will probably produce in the neighborhood of from 2000 to 2200 gal- 
lons of water per minute with a drawdown of only 35feet. Of course, 
this condition may necessitate a change in the design of the bowls 
for more efficient pumping, but the results amply justify the expen- 


diture. 
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WATER WELL CASING! 


By M. S. Jonzgs? 


There is perhaps no product that has contributed more to the 
development of California and the West than water well casing. 
Without the deep well and the turbine pump, this State would be 
the same semi-arid region as existed in the time of the Mission 
Fathers. 

Developments of the underground sources of water supply began 
at anearly date. The first wells were dug wells, lined with stone and 
brick. Later steel screw pipe was imported from the east and was 
used for casing in the first drilled wells. Because of the distance from 
the markets, this pipe was expensive and difficult to obtain. Asa 
substitute for screw casing Charles F. Harper, who operated a small 
tin shop in Los Angeles, conceived the idea of riveted well casing. 


STOVE PIPE CASING 


The first casing was made by No. 26 and No. 28 gage black iron 
sheets, used at that time for stove pipe, hence the name “Stove 
Pipe Casing.” A 2-foot sheet of this material was rolled to the re- 
quired diameter and the seams riveted. On account of the lightness 
of the metal; this casing could only be used in very shallow wells. 

As it became necessary to sink deeper wells to secure water for 
domestic and irrigation purposes, it became apparent that better 
casing was required, which led to the development of the product now 
in general use. 

There are two kinds of ‘Stove Pipe” well casing—single or collar 
casing and double well casing. Single casing is rolled in 2-foot 
sections from sheet steel with seams lap riveted. A 6-inch collar 
made from the same material is riveted to one end. Joints are 
either picked or riveted at the collar as the casing is set in the well. 
This type of casing is the least expensive of any well casing, but lacks 
the ruggedness of the other types and can be used only in shallow 
wells. Double well casing is the type of casing in general use today 


1 Presented before the California Section meeting, October 28, 1931. 
? Assistant Chief Engineer, Water Department, Pasadena, Calif. 


378 


vc 
an 
se 
Wi 
th 
be 
di 
th 
of 
al 
ri 
b 


VOL. 24, NO. 3] WATER WELL CASING 379 


and has been used extensively for many years. It consists of two 
sections, an outside and an inside section, each rolled from steel plate 
with the seams lap riveted or welded. The inside section is made so 
that it fits closely within the outer section, the joints of one section 
being so adjusted so as to fall at the midpoint of the other. As the 
drilling proceeds, inside and outside sections are added alternately, 
thus making a double thickness of casing from the top to the bottom 
of the well. Well casing of this type is made in diameters of 6 to 
36 inches, and in sections of 2, 3 and 4 feet. However, the demand 
at the present time is almost entirely for the 4-foot joint. 

In riveting the seams, rivets are spaced on 24 to 3-inch centers, the 
rivet heads being counter sunk or flattened to make the sides of the 
casing as smooth as possible. 

The great defect of riveted casing is the weakness of the rivet joint, 
which seldom develops more than to 20 to 25 percent of the tensile 
strength of the metal. Many of the troubles in well drilling are 
brought about by the failure of this joint. 

Several years ago in order to remedy this weakness, a combination 
riveted and welded joint was put on the market. In addition to 
the riveting, the inside lap of the inner section and the outside lap 
of the outer section were flash welded. This method produced a 
much stronger joint, the tensile strength very nearly equaling that of 
the metal in the casing. 


ALL WELDED CASING 


A still more recent development in water, well casing has been the 
introduction of an all welded casing, which it is claimed will supplant 
the other methods of manufacture. The steel plate is first rolled 
into shape, slightly larger in diameter than the finished product. 
The seam is then butt-welded by an automatic electric welding out- 
fit. After the welding process, the casing is placed in a die, operated 
by a press of sufficient capacity to upset the metal in the casing and 
bring the section to the required diameter. 

Another method of making welded casing is being tried out by 
another manufacturer. This firm rolls the casing slightly under 
sized, and then expands the section to the required shape after 
welding. It is impossible to tell at this time which process has the 
most merit. 

Although the welded casing has been on the market but a short 
time, the tests which have been made seem to indicate a much 
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superior product to the old riveted casing. The advantages for this 
type of casing are as follows: 


1. Joint efficiency 80 to 90 percent, nearly four times stronger than the 
riveted seam. 

2. Sections more uniform in size. The specifications allow a variation of 
only in diameter. 

3. Does not have double thickness of metal at seams. Thisshould result in 
straighter wells as there is a tendency in riveted casing for the well to 
angle off in a direction opposite to the seam. In drilling, the welds of 
the two joints are placed on opposite sides of the casing, which also 
assists in keeping the well straight. 

4. In perforating or swedging riveted casing there is always a danger that 
riveted seams will shear, thus permitting the entrance of sand and 
gravel with the ultimate loss of the well. Tests have shown that the 
welded joint is quite ductile and will withstand swedging and per- 
forating operations without appreciably damaging the weld. 


ECONOMICS OF CASING 


In well drilling, the chief problem is how to secure the most satis- 
factory well at the least expense. Conditions vary in each locality 
and it is necessary to use one’s best judgment and the experience of 
others as a guide. 

For shallow walls where the water table lies near the surface, the 
size and weight of the casing are not so important, but for deeper 
wells the problem is more difficult. Various factors enter into con- 
sideration such as yield, size and kind of pumping equipment to be 
used, depth of well, nature of the underground structures, variations 
in water levels, etc. 

For the successful operation of a deep well turbine pump, it is 
necessary that there be no deflection in pump column and shafting. 
In well drilling it is practically impossible to sink a straight well. 
Small casing deflects much easier than larger casing. It has been 
the writer’s experience that wells 12 inches or less in diameter, begin to 
angle a few feet below the surface and only in the occasional well 
can a turbine pump be set more than 150 feet below the surface. 

For this reason large diameter casings are much preferred, where 
it is necessary to set the pump at a considerable depth. In Southern 
California the wells of 20 to 36 inches are becoming the general prac- 
tice, because of the greater depth of ground water. With the larger 
casing there is less danger of collapse, when forcing the pipe through 
tight materials, and much better headway can be made through 
boulder strata. 
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The weight of steel plate used in fabricating the casing is dependent 
upon the diameter and the depth of the well. Following is a list of 
the sizes and weights generally used for ordinary wells. 


Saze, inches Number of gage 
12 12 
16 10 
20-24 8 


Heavier casing than No. 8 gage is not ordinarily used because of 
difficulty in perforating. 
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OBJECTIONABLE FEATURES COMMONLY FOUND IN 
WATER WORKS SYSTEMS! 


By Frank R. DANIELS 


The following statement of the undesirable features which have 
come to our attention in our inspections of water works systems, as a 
part of the fire protection scheme in the various communities in the 
State of Wisconsin, has been prepared for the purpose of inviting 
free and liberal discussion. The criticisms enumerated have a 
definite bearing upon the efficiency of the fire protection scheme, and 


likewise affect the fire insurance classification, or grading, of a 


community. 

The existence of a number of these objectionable features may 
result in a poorer insurance grading, which in turn imposes an in- 
creased tax upon the citizen in the form of higher fire insurance 
rates. Inthe basis upon which insurance rates are established a prin- 
cipal item is the water works system, and next in importance is the 
organization of the fire department and maintenance of equipment. 
Our findings on these points are as follows: 

1. The most serious situation found more especially in the smaller 
water works systems is the type of engineering performed by mu- 
nicipal goverment authorities. When any extensions, changes or 
improvements are contemplated in a water works system, the mu- 
nicipal government authorities are primarily concerned with the cost, 
and little, if any, consideration is given to the effect of these changes 
upon the efficiency or reliability of the system. Seldom is any con- 
sideration given to future demands. The water mains are extended, 
generally with 4 inch, and sometimes with 6 inch pipe, without any 
consideration being given to the extension of suitable feeder mains. 

The above remarks are not intended as a criticism of our form of 
municipal government because we feel sure these men are doing the 
best they know how. It becomes necessary, sooner or later, to 
provide some definite engineering in a system, and it usually results 


1 Presented before the Wisconsin Section meeting, October 27, 1931. 
* Chief Engineer, Wisconsin Inspection Bureau, Milwaukee, Wis. 
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in a very expensive job to correct these conditions resulting from a 
lack of foresight. 

2. The office of the water works superintendent is insecure, usually 
being an appointive office by the political administration. 

It is important that the water works superintendent be thoroughly 
familiar with his plant and equipment so that in event of emergency 
arising at the time of fire he will be able to operate the plant to its 
best advantage. He should be able to conduct properly the business 
of the Water Department efficiently and economically, and should 
become familiar with the future requirements so that the plant may 
keep up with the growth of the community. 

3. The superintendent does not always have the proper qualifica- 
tions. The basis for selection is many times faulty. The super- 
intendent of the water works of any community should have some 
definite knowledge as to how to operate and manage the system 
properly. 

4. Records are generally incomplete. Maps showing the detailed 
arrangement of piping, valves at the pumping station and water 
supply, as well as the distributing system, are generally lacking. 
Such data as are available are usually in some employee’s mind. 
The location of valves, size of hydrants and connections are not 
kept in tangible form. 

5. Elevated storage is allowed to fluctuate broadly. In systems 
having small pumping capacity this becomes a serious matter in 
case of fire. Many of our smaller communities have sprinklered 
risks, and in some cases it is found that the fluctuation in pressures 
was sufficient to destroy the effectiveness of such sprinkler systems. 

6. Infrequent and inadequate tests of systems: Tests of emergency 
equipment, reservoirs, emergency valves, reserve equipment, etc., 
are not made. No records are kept. 

7. Reliability of water supplies: There is generally little, if any, 
knowledge available as to the repent and reliability of supplies, 
especially under fire conditions. 

8. Unreliability of power supply, such as: 

(a) Single steam header, or only one source of boiler feed water 

supply. 

(b) Single electrical supply line; lack of spare transformers in case 

of burnout. 

(c) Inadequate provision for fuel; emergency supplies not main- 

tained: 
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1. Delay in livening up fires under additional boilers. 
2. Lack of suitable electrical change-over facilities. 

9. Pumping station hazards: 

(a) Construction of pumping stations subject to total destruction 
by fire. 

(b) Little thought ordinarily given to protection against exposure 
fires. 

(c) Interior fire protection seldom provided. 

(d) Hazardous electrical construction. 

(e) Fire hazards in the handling of oil and waste. 

10. Supply mains to high value districts: 

(a) Not in duplicate. 

(b) Inadequate in size to deliver fire flow requirements. 

(c) Poorly gated, so that a single break will many times put the 
entire system out of service. 

(d) Lack of adequate feeders to outlying sections. 

(e) Large amount of 4 inch pipe contained in distributing systems. 
It is a generally accepted fact that 60 to 70 per cent of the 
invested value in water works systems is for the purpose of 
fire protection. The difference in the cost between laying 
4 and 6 inch pipe is very small. The 6 inch pipe has about 
2} times the carrying capacity of the 4 inch pipe, affording 
much better fire protection. 

(f) Long dead end mains and lack of proper gridiron distributing 
system. 

11. Sectional control valves: 

(a) Inadequate spacing and poor arrangement, resulting in the 
necessity of shutting off large sections of the system in event 
of break or repairs. 

(b) Lack of testing of shutoff valves, resulting in their being in- 
operative at time of emergency. 

(c) Excessive waste of water through improper packing. 

(d) Lack of adequate records so that valves may be readily located 
by measurements from fixed points. 

(e) Broken valves, resulting in the gate dropping down and ob- 
structing the flow from the main. 

12. Hydrants: 

(a) Prevalence of small size, resulting in high friction loss when 
fire streams are taken from them. The difference in cost 
between the 6 inch and the 4 inch hydrant is relatively small 
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as compared with the increased efficiency obtained from the 
larger sized hydrant in supplying fire streams. 
(b) Usually not provided with steamer connection so that auto- 


ction mobile pumpers can take suction from them through the 
large connections. 
osure (c) Broad spacing, requiring long layouts of hose, resulting in 


excessive friction loss. 

(d) Small size connections from hub to street main, resulting in 
excessive friction loss. 

(e) Lack of gate valves in connections to feeder mains, resulting 
in the necessity for shutting down the supply main in event 
of repair to hydrants. 

(f) Selection of poor type of hydrant. 

t the (g) Inadequate inspection, maintenance, and testing. 

(h) Poor drain facilities, resulting in freezing. 

(i) Non-standard hose threads. 


ems, 13. Pipe: 

f the (a) Little consideration given to selection of the proper weight of 

se of of pipe to withstand the pressure which might be imposed 

ying during times of fire. 

bout (b) Insufficient cover, resulting in freezing. This item becomes 

ding more important in the smaller communities on account of 
: the low domestic flows. 

ting (c) Poorly made joints, resulting in excessive waste of water. 


(d) The use of patented pipe and pipe joints. 
(e) Lack of proper reinforcing at joints, especially on hills and at 
the dead ends. 


vent 14. Flushing of system: Little if any, consideration is given to the 
; necessity of thoroughly flushing out a waterworks system so as to 
| free the mains of the accumulated sediment. Consideration should 


be given to the use of valves when flushing is carried on so that the 
direction of flow can always be reversed. 


ited 
DISCUSSION 
H. H. Brown? All of us raelize the importance of an efficient fire 
protection system. All of us want our home community to have as 
hen high a fire insurance classification as possible. All of us should strive 
ae ’ Engineer in Charge of Design and Construction of Pumping Stations, 
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and can help to attain a better fire protection system by looking for 
deficiencies in our water works systems and improving such 
conditions. 

Mr. Daniel has given you a statement of the undesirable features 
he has found in the inspection of a great number of water works 
systems. He has covered the field exceedingly well and each item 
might be discussed in detail at great length, but time prohibits us 
from doing that. I want to emphasize a few salient features which 
are common deficiencies in our water works systems. Their im- 
portance, I believe, warrants repeating. 

First of all, reliability of supply is paramount. This is obvious, 
but still a great number of pumping stations have deficiencies which 
render their supply hazardous. Mr. Daniel has pointed out some 
of these common deficiencies. What can you do to improve any 
such deficiencies found in your own plant? 

Prevalence of small sized hydrants as well as their inadequate 
spacing are very common deficiencies. High friction losses result 
through small hydrants, and you are all familiar with what that 
means. Hydrants spaced far apart require long hose lines at a fire, 
and again you have high friction losses. This is one of the most com- 
mon deficiencies found in our water works systems and has a very 
important significance from the fire fighting point of view. 

Fire fighting personnel find that another serious fault is the pre- 
valence of small sized mains. It is not necessary for me to explain 
to you water works men how small mains affect the supply to hy- 
drants. Make all your mains as large as possible consistent with the 
economics and conditions of your particular problem. 

Another very common deficiency found in water works systems is 
the lack of operation and maintenance of valves. Shut-off valves 
should be tested regularly so that in times of a fire they may be 
operated properly without delay or serious consequence. 
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MECHANICAL BILLING AND POSTING! 
By Joun E. STapteton? 


It has always been the policy of the City of Auburn to grasp every 
opportunity to improve the methods and practices in its Accounting 
Departments. As a result of this attitude, we have recently made 
radical changes in the Water Department and with the addition of 
mechanical equipment, we now feel that we have one of the most 
modern, practical and efficient accounting systems to be found in 
water department practice. 

In this paper, it is our purpose to give a brief résumé of our former 
methods, and a detailed description of our present system of handling 
customers accounts. We believe that this Department was one of 
the first to adopt the uniform system of accounts recommended by 
the American Water Works Association. This scheme had its in- 
ception in the adoption by the New England Water Works Associa- 
tion, in 1885, of its form for uniform reports. Due to the rapid 
progress in the science and art of accounting, since the adoption of 
that report, uniform accounting has come to be recognized as the only 
correct basis of uniform reports in the industrial, banking and com- 
mercial world. In 1907, the Bureau of the Census began a study in 
this field with the object of preparing uniform statistics of the assets 
and operations of water supply systems. 

Mr. E. Dana Durand, Director of the Bureau of the Census, is- 
sued a call for a conference in Washington, D. C., May 24 and 25, 1910 
of all those interested in uniform accounts for water works. At this 
conference representatives were present of the Bureau of the Census, 
the American Water Works Association, the New England Water 
Works Association, the American Association of Public Accountants, 
the Association of American Government Accountants, the Ohio 
Bureau of Public Acountants and several representatives of both 
public and private water supply enterprises. As a result of that con- 
ference, the plan of uniform accounts for water works was prepared. 


1Presented before the New York Section meeting, September 22, 1931. 
*Treasurer, Water Department, Auburn, N. Y. 
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The committee representing the American Water Works Association 
presented its report at the annual convention held at Rochester, 
New York, in June, 1911. This report was adopted by the Associa- 
tion as a standard method of accounting and it was recommended 
that the water works comprising the Association, where possible, 
adopt its use. This Department, in 1913, put this plan into prac- 
tice and has continued this method of accountng to the present time. 
We are highly gratified with its results and have had favorahle com- 
ments from auditors representing the Department of Commerce, 
Statistics of Cities, Washington, D. C., and from the Department of 
Audit and Control—State Comptroller’s office, Albany, New York. 
We can highly recommend this system to any water department not 
already following its principle. 

Having adopted this uniform accounting method, then, generally 
speaking, the most fertile field for improvement is in the customers’ 
accounting department. This statement should not be construed 
as a reflection upon the supervision or personnel of the Department, 
as the improvement is only possible through the adoption of new 
accounting schemes, together with the most modern labor saving 
devices. 

As a further improvement in our own office methods, on January 
1, 1931, we adopted a plan of mechanical accounting for our custom- 
ers accounts. Certainly nothing affects the good will of the cus- 
tomers toward the utility as much as accurate and neat methods of 
keeping and presenting these accounts. This change has meant the 
discarding of our former Boston Ledger plan and the adoption of the 
present system which we shall endeavor to explain in detail. 

Under our former system, there was more or less confusion and 
conflict between the rotation of accounts in the ledger and the order 
of arrangement for the convenience of the meter reader. This came 
about from the fact that the ledger accounts were under an alpha- 
betical street sequence. which made it difficult for the meter reader 
to follow this order, without covering the same ground more than 
once. 

The present system starts with the convenience of the meter reader 
and accounts are arranged in the order best adapted for the rapid and 
progressive reading of meters, thereby saving the retracing of steps 
made necessary by following the alphabetical street arrangement 
heretofore used. As under the former system, the city is divided 
into three districts. As bills are rendered monthly and quarterly, 


yo 


th 
ac 
we 
C0 
A, 
be 
C 


> 


( 


W. A, 


‘lation 
lester, 
sOcia- 
ended 
ssible, 
prac- 
time, 

com- 
nerce, 
ont of 
York. 
it not 


rally 
ners’ 
Tued 
1ent, 

new 


yOL. 24, NO. 3] MECHANICAL BILLING AND POSTING 389 


this arrangement allows for monthly reading, billing and collecting 
accounts in a continuous cycle. This method distributes the office 
work uniformly throughout the year, and also results in a more 
constant collection of cash. Each district is designated by letters 
A, B, and C. District A is billed in January, April, July and Octo- 
ber; District B in February, May, August and November; District 
Cin March, June, September and December. 

A meter reader’s book is made up of approximately one hundred 
and fifty accounts and each book is numbered numerically. Each 
sheet is numbered numerically in intervals of 5’s with the space 
between available to accommodate additional accounts. This 
numbering coincides with the ledger card record. For instance 
A-7-525, means District A, meter book no. 7 and account number 
525 in that book. This system is extremely flexible and can ac- 
commodate an indefinite number of accounts. 

The addressograph plays an important part in this new system. 
A plate is made for each account carrying the name and the account 
number as mentioned before. These plates are filed in the order of 
district, book and account sequence. Much time is therefore saved 
in addressing meter reading sheets, customers bills and customers 
ledger records. After the plate has been made and checked, accuracy 
is assured. When forms are addressed by hand there is always a 
possibility of transposing the house number and folio figures as well as 
misspelling names. Printed information, moreover, is uniform and 
more easily read. 

Each consumer has an individual ledger card and these are like- 
wise filed in the same order as the meter book records. These are 
conveniently carried in metal trays on a wheel base making for 
convenience in moving about the office. Each tray contains approxi- 
mately 1500 ledger cards, and likewise this tray system can be ex- 
panded indefinitely to care for any number of ledger cards. Indi- 
vidual ledger sheets furnish a continuous record of each consumers 
account, thus making available information often required for com- 
parative purposes. This ledger sheet is an excellent record to show 
to a customer. The information is compact and data as to his 
neighbors accounts do not appear before him. When an account is 

closed, the meter reader’s sheet and ledger card are transferred to an 
obsolete file, but the account number is still maintained in case the 


account again becomes active. 
Meter readers’ books in complete form reach the office about the 
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fifteenth of the month and blank bills prepared by the addressograph 
operator are in readiness. 

The work of billing and charging the accounts is done mechanically, 
With the use of this billing machine the customer’s bill, cashier's 
coupon, ledger record and recapitulation sheet is made in one opera- 
tion. Arrears are also posted on the bill at the same time. This 
saves a considerable amount of clerical labor. 

The billing machine has many automatic features. For example, 
the meter readings are set up on the machine but once and due toa 
repeat mechanism are printed on the ledger card, and customer’s 
bill and audit sheet. This is also true of the charges, arrears and 
penalties which are printed on the customer’s bill, cashier’s coupon 
and ledgers record. By mechanically repeat printing items from 
one form to the other, it is no longer necessary to compare the com- 
pleted bill with the ledger. Automatic carriage tabulation and 
automatic printing of ciphers simplify the operation. The forms are 
dropped to the correct printing position without being aligned by the 
operator. The meter reading date is also printed automatically. 
The carriage opens automatically facilitating the removal and in- 
sertion of forms. The labor saving devices on a billing machine 
permit bills to be prepared with both accuracy and speed, with a 
minimum of effort on the part of the operator. 

In addition to printing, the figures are accumulated to provide a 
complete proof of billing. A batch of 75 or more bills are proved in 
the same manner that a customer would check the accuracy of his 
individual bill. The total consumption is added to the total pre- 
vious readings balancing to the total of the present readings. This 
assures that the readings and consumption of each bill are in balance 
with the meter book. The rate steps of consumption may be 
shown on the bill or the total consumption broken down into steps 
on the proof sheet. The total for each step multiplied by the rate 
gives the amount billed for each step. The total of all steps must 
equal the total of the billing. Thus a perfect check of all the billing 
data is accomplished. The total consumption and revenue have been 
accumulated eliminating the necessity of adding these factors at a 
separate operation. The revenue thus proved is carried to the 
control ledger. 

As formerly this work was done in a separate operation the con- 
siderable time saved affords an opportunity for improving service, 
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where possible, and for giving attention to other departmental 
matters. 

The posting of the cash collections is very important. Payments 
are received by mail or by payment at the cashier’s window. At the 
end of each day the cashier distributes the coupons, first in districts 
and then in the meter book order. Each district is added separately 
and a grand total is made showing the entire cash received during 
the day. This work is done on an adding machine. The following 
morning the cashier deposits in the bank the total receipts of the pre- 
vious day. After an audit has been made to verify that the cashier 
has turned in the correct amount of cash to correspond with the 
coupons received during the day, the stubs are then turned over to 
the bookkeeper to post to the individual ledger cards. The book- 
keeper first arranges the slips in numerical order and offsets, in the 
trays, the corresponding ledger cards to be posted. The posting is 
done with the billing machine which accumulates the totals posted 
and if correctly credited must agree with the statement of cashier’s 
receipts. After the day’s posting is finished and the correctness 
verified, the ledger cards in the trays are then put back in proper 
position. Considerable time is also saved in this operation as 
compared with the former posting by hand method, as a check back 
is not necessary. 

To summarize, the billing machine offers neatness, legibility and 
accuracy of bills, assurance that all customers have been billed cor- 
rectly and daily proof of cash receipts and postings, with complete 
statistical information of revenue and consumption. 
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HAVE OUR METER READING SECTIONS OVERLOOKED 
AN OPPORTUNITY?! 


By Orro C. WHITAKER? 


Recently the Department of Water and Power, City of Los An- 
geles, took a very progressive step along the lines of efficient and 
economic operation of its water and power systems. 

By abolishing its separate water and electric bureaus and consoli- 
dating the joint activities under a unified head, the Department has 
brought into effect many desirable practices that were not possible 
under divided management and supervision. 

The city of Los Angeles, covering an area of over 441 square miles, 
is one of the most difficult cities to supply with water. Water is 
furnished from sea level to an elevation of 1400 feet. Men experi- 
enced in water works operation know of the difficulties in rendering 
service to such a wide range of elevations, but how many of us fully 
realize the difficulties encountered by the meter readers and petty- 
troublemen in covering these districts each month. 

Of special interest at this time are the results we have gained in 
what we now call our Meter Reading and Record Section. Some time 
ago, however, our regular water and electric meter reading groups 
were combined under one head, making possible large savings to the 
Department with greater service to our customers. 

When all is said and done, the relationship between an institution 
and its customers is the governing factor in its success or failure. 
The human contact in business, we all know, is one that should, if 
possible, be maintained in some manner. The Department of Water 
and Power lost a certain measure of this personal contact when it 
abolished house to house collecting, but we have regained contacts 
in a manner I shall describe. 

Meter readers of the water and electric systems go upon the prem- 
ises of the consumers and afford an opportunity for the establishment 
of better and closer relationship with the consumers. An even better 
contact is being effected, however, through our petty troublemen. 


1Presented before the California Section meeting, October 30, 1931. 
?Department of Water and Power, Los Angeles, Calif. 
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With the consolidation of joint divisions in the Department, the 
petty troublemen and meter readers were brought under the juris- 
diction of the Commercial Division. This effected a closer, more 
harmonious working condition between consumer and the Depart- 
ment. It also made possible a remarkable reduction in the cost of 
completing field orders. . 

The meter readers and the petty troublemen are required to have a 
knowledge of the many functions of the various branches of the Com- 
mercial Division and to be familiar with rates, rules and regulations 
governing consumers’ accounts. This knowledge has saved custom- 
ers many trips to the central office. 

Educational courses in the repairing and mechanical operation of 
both water and electric meters, thereby making possible a proper 
explanation to consumers in cases of questionable bills and in dis- 
cussions of meter operation and registration, have proved highly 
desirable and helpful. 

The consolidation of water and electric meter readers with the 
record section, petty trouble work and electric inspectors under the 
jurisdiction of the Commercial Division and under the direct control 
of a Chief Meter Reader has enabled us to form a closely knit organ- 
ization functioning as one unit, handling a far greater number of 
orders per unit of personnel than had formerly been possible. 

The Department of Water and Power with its 500,000 installed 
meters assumes a tremendous responsibility to the community and 
to its customers, in particular. We share with the progressive 
utilities of this association the feeling that the responsibility of the 
utility does not end when the meter is installed. Indeed, it is the 
beginning of a business relationship which the organization hopes 
to enjoy over a period of many years. The customer has a right 
to expect us to deliver to him water and electricity without unneces- 
sary interruptions and at a minimum of cost. 

Meters are read regularly once each month, schedules showing the 
meter reading serial, the date of reading and the date of delivery to 
the Billing Section are made prior to the end of each month, all read- 
ing books remaining in the billing section until called for reading. 

In November, 1930, a complete re-arrangement of routes and 
schedules was made for the purpose of closing up the reading districts 
and having each day’s work join on the previous day’s reading, elimi- 
nating long jumps, cutting down transportation costs, and increasing 
the number of readings per day per man. 
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The particular district to be covered naturally governs the number 
of meters to be read per day per man. In thickly settled areas 
where it is possible for the same man to read both water and electric 
meters we attain a maximum of 627 reads per day per man; while 
in other territories the number of readings average 310 per day on 
electric meters and 450 per day on water meters. The average cost 
per reading on electric meters is 0.0257 and on water meters 0.0183. 
The reason for the difference in cost is that water meters are located 
near the curb in the parking, while electric meters are on the rear 
porches. The read sheet is good for three years. The reader is re- 
quired to carry out the extension or actual consumption, placing it 
in the right hand column of the sheet from which the billing is made, 
The reader also makes a memorandum on the read sheet for all classes 
of trouble at the meter or service and the office clerks make the field 
orders from these memos. 

In making the extension at the time of reading meters, we not only 
assure ourselves of a correct reading, as we are thereby able to com- 
pare each month’s actual consumption, but can render a service to 
the customers by notifying them immediately in cases of high con- 
sumption, in order that leaks, excessive use or waste on the premises 
may be stopped. If the occupant is not at home, the meter reader 
leaves a notice telling of the increased use or waste. And where it isa 
case of the occupant being a non-owner and not responsible for bills. 
it is our practice to send a notice by mail to the owner. By compar- 
ing the previous and current readings at the time of reading, we are 
able, in cases of unusually low consumption, to make tests for stuck 
meters and order the necessary change of meter to eliminate a prob- 
able loss in revenues. In addition to regularly defined duties, the 
reader interests himself in reporting to the proper department such 
matters as leaking fire plugs, low hanging or sagging electric service 
wires, dangerous excavations in the street, broken globes and dam- 
aged standards on street lighting systems, irregular wiring on the 
customer’s premises, and all such matters as will improve service and 
benefit the city at large. 

A large saving to the Department in general and to the reading 
section in particular, with greater service to the consumer, has been 
effected in the matter of handling, dispatching and completing field 
orders by the consolidation of petty trouble and electric inspectors 
work with the meter reading section. Orders of all classes, including 
pull fuse, fuse-up, re-readings, special readings for closing accounts, 
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miscellaneous complaints, read and collect, fuse or switch troubles, 
voltage trouble, collection of closing bills, obtaining contracts on 
opening accounts, and, where necessary, guarantee deposits, are 
being dispatched by telephone to petty trouble men who make 
regular calls at frequent intervals to the section dispatcher for field 
orders. 

I realize that most water works men are not especially interested in 
the operation of an electric system so I must ask your pardon for 
digressing a moment into one phase of our electric system. 

Having been connected with the Department of Water and Power 
for the past twenty-six years, and being privileged to assist in de- 
veloping some of the various sections, I am naturally deeply inter- 
ested in the possibilities for further benefits to our organization and 
our customers, by having our field men urge the installation and use 
of the many labor saving devices in electric appliances in the home, 
thereby creating additional business for our organization, effecting 
many economies for our customers, and building up a closer relation- 
ship. The field for expansion in this activity is practically unlimited. 

Provision has been made whereby a new tenant may phone the 
commercial office for service on either light or water, rather than com- 
pel the customer to call at the office. The order is dispatched to the 
field man with sufficient information regarding the applicant’s credit 

and information regarding the amount of deposit necessary. Service 
is, in most cases, furnished within the hour, the contract signed and 
all necessary information for billing in the office before the close of the 
day. 
This quick and efficient service to the customer has resulted in 
large savings to the Department in that a change of tenants or own- 
ership as far as our records are concerned is quickly effected and 
collections of money on closing bills and deposits on new accounts 
are secured at a minimum of expense. Previous to our consolidation 
of these activities, all such matters were handled by special field 
men or by the Meter and Service section field crews at a cost of ap- 
proximately double that necessitated by the Meter Reading Section 
field men. 

We are rapidly approaching the time when the Department will 
rely on the Reading Section for still greater things. The correlation 
of work under these conditions is ideal. A telephone call from a 
prospective customer is immediately dispatched to the man in the 
field, who, as previously explained, makes frequent calls to the central 
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dispatching agency in the meter reading section. Service is rendered 
and the transaction closed in the shortest possible time. The customer 
is happy, our records are up to the minute, we have demonstrated 
our interest in giving quick and reliable service and are continually 
building up good will for the municipally-owned systems. 

Heretofore, special men were deemed necessary to contact con- 
sumers in the field to get signed contracts or cash deposits. For 
the reading of meters in closing accounts, for collecting on final state- 
ments, etc., we have so organized and consolidated such work as to 
make it possible for the meter reading section to handle 70 percent 
of this work by troublemen and inspectors, thereby effecting a saving 
of many thousands of dollars each year for the Department and 
making it possible for quicker, more efficient service to our customers. 

I have tried to paint a true picture with the Department economies 
and customer help of paramount importance. Not to be pushed too 
far into the background, however, is the effect produced on the per- 
sonnel itself. The change has given marked encouragement to the 
personnel. The men work with more vigor and individual responsi- 
bility. There is a more definite feeling among the men that they 
have a concrete part in furthering the interest of the Department. 

The Department, in a word, is thrilled with the success of our plan. 
We know there are unlimited opportunities for service and increased 
efficiency, but we feel that we are not overlooking many opportunities. 
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AERIAL MAPS AID WATER SURVEYS! 


By T. 


Most engineers are sufficiently familiar with the processes by 
which aerial photographic maps, as well as contour maps, are com- 
piled by aerial methods, so that the details of the methods will 
probably prove less interesting than a discussion of applications 
for the water works engineer. 

In approaching the problem of aerial mapping, it should be kept in 
mind that a definite distinction exists between a survey and a map. 
A survey is the process of measuring the ground, and compiling data, 
from which the average map of the conventional type is made. The 
aerial map, or aerial survey, while perhaps a contradiction in termi- 
nology, consists of a map made with a minimum of ground survey 
work; sometimes with no ground work whatsoever. 

With this distinction fixed clearly in mind, it will be realized that — 
while a construction project may be designed in the office from the 
map, the actual construction work must be preceded by a ground 
survey. Permanent stations must be established on the surface of 
the ground to which the work may be referenced. 

The purposes then of an aerial survey, be it a photographic survey 
or a controur map, are to minimize the amount of ground work that 
is necessary for the production of a given map; to develop that map 
possibly more quickly and economically and to render an inventory of 
ground detail more complete than would be provided by conventional 
survey methods. 

For the engineer who is confronted with the problem of a complete 
water development, the various aerial methods afford a rapid and 
economical service. 

For preliminary investigations, unassembled aerial pictures are 
sufficient. As the project boils down to small specific tracts where 
detailed information is desirable these same pictures may be compiled 
into photographic maps or contour maps. 


1Presented before the Pittsburgh Convention, May 27, 1931. 
2 Pacific Manager, Fairchild Aerial Surveys, Inc., Los Angeles, Calif. 
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The following consecutive services are available to the engineer as 
he requires them: 

1. The determination of the area of watersheds. 

2. Making preliminary stereoscopic examination of reservoir sites 

and dam sites. 

3. Developing detailed topography of reservoirs and dam sites. 

4. Location of trails and roads and a general study of the accessi- 
bility of the region. 

5. Location of canals, pipe lines, flumes, etc. 

The flying of a large area, such as a watershed, may be completed 
at the rate of 200 square miles per flying day. Within a very few 
days after the securing of these pictures, preliminary prints are avail- 
able to the engineer. Thus he may roughly determine the boundaries 
of his watershed. Viewing the territory in relief by means of a stero- 
scope, he becomes familiar with the general characteristics of the 
drainage area. In the course of this study, probable dam sites are at 
once apparent. Their relation to such topographical features as wide 
flat sections of canyons, side canyons, etc., which indicate storage 
capacity, are clearly apparent. 

The tentative selection of likely looking dam sites and reservoirs 
may be followed by an inspection trip, with no time wasted looking 
over the 90 percent of the area which the pictures have definitely 
eliminated. Later when the engineer and geologist are called upon to 
make preliminary investigations as to the feasibility of the selected 
dam sites, the pictures prove helpful in the location of faults, con- 
tacts, ete. 

Topography is probably next indicated, both of the reservoir site 
for determination of capacity and of the dam site proper. The reser- 
voir and dam site maps may be produced at suitable scales, still using 

the same original negatives. 

We have assumed in the above discussion that the area is reason- 
ably accessible. If this is the case, field parties can go into the dam 
sites and reservoir sites and establish a nominal amount of ground 
control to assure the necessary accuracy of the subsequent topograph- 
ical maps to be produced by aerial methods. If, on the other hand, 
the region is not accessible, it is still possible to derive reasonably sat- 
isfactory contour maps from the aerial pictures themselves without 
any ground control whatsoever. 

Six years ago, it was necessary to attempt to develop a contour 
map of the Yaqui River in Mexico. Not a known point was avail- 
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able within 35 miles of the reservoir site which was finally selected, 
Even with the primitive methods of aerial topography which were 
employed in those days, it proved quite possible to obtain reservoir 
capacities which checked well within the accuracy of the available 
hydraulic data, while the topography which was developed of the 
dam site itself proved remarkably close to the final surveys which were 
subsequently made to check it. In fact, the preliminary design for 
the dam was entirely made up from the aerial surveys. Spillways 
were selected, the type of dam determined, approximate quantities 
and costs calculated. 


This problem may involve the study and determination of those © 


valley areas which are suitable for irrigation. On the aerial pictures, 
the principal topographical features indicate in a general way the ex- 
tent of the areas which appear to be irrigable. The drainage system 
shows up distinctly. Obviously high terrain may be at once elim- 
inated from consideration. Areas with a predominance of rock out- 
croppings near the surface may also be excluded without going onto 
the ground. Washes, arroyos, and sandy stretches are apparent. 
From a study of the vegetation indigenous to the soil, it is frequently 
possible to determine which soils are suitable for agricultural develop- 
ment. Furthermore, the contacts between soil types usually show 
distinctly on the aerial map by either a difference in the color of the 
soil itself or by the difference in vegetation. 

Regardless of the accessibility of this valley land, the aerial maps 
will undoubtedly contribute a great deal toward the rapid and intelli- 
gent classification of these lands and the determination of which areas 
may be economically served with water. A few controlling elevations 
are now established on the ground itself as a guide to the preliminary 
projection onto the photographic map of the approximate location of 
canal lines and laterals. Next, the acreage of the various classifica- 
tions to be included or excluded from the irrigated area are subject to 
planimeter determination. 

While it is not ordinarily practical to make the final canal location 
from any contour map, still it may be approximately located because 
of the remarkable detail of contour maps produced by aerial methods. 
The high cost of running out this location over many tentative routes 
by expensive precise leveling is thus saved. 

The economies of the method which has been been described are 
at once obvious. To begin with, the large area of the watershed 
and the possible irrigable areas are mapped at a very low cost and 
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the unassembled pictures are delivered within a few days after the 
completion of the flying to the engineer for his preliminary study, 
From hundreds or thousands of miles thus covered, the engineer is 
able to boil the details requiring more intensive investigation down to 
a small fraction of the original area. In this area, precise mosaics and 
contour maps at various scales, dependent upon the study to be made, 
are subsequently developed as needed. There has not been a single 
wasted movement so far. Nothing has been done at a larger scale or 
in a more expensive way than the very minimum requirements dic- 
tated. In the final analysis of the problem the same flying, the same 
pictures afford all the necessary data for the development of the de- 
tailed maps for paper locations, etc. 

Perhaps one of the most interesting applications of aerial mapping 
to the needs of the waterworks engineer occurs when the maps are 
used as evidence in litigation. The pictures, of course, show the 
exact disposition of any parcel or property relative to the streams sur- 
rounding it, and afford incontestable evidence as to the riparian situa- 
tion of the property. By making thorough classifications and 
studying the general features of an area under the stereoscope, the 
judge, jury and counsel are readily able to decide among themselves 
which areas are actually subject to irrigation and which are not. In 
this way, an endless amount of debate and arguments are avoided in 
the court room. 

In the preparation of this type of evidence for introduction, the 
field men are usually supplied with enlargements of the original aerial 
pictures. These enlargements show every field and every parcel of 
ground distinctly, show the fences between the fields and the boundar- 
ies of each crop and soil type. The field man goes quickly over the 
land with his kit of pictures, noting on the pictures by symbol, such 
crop classifications, detailed soil classifications, and other information 
as will prove valuable as evidence. The areas already under irriga- 
tion may be readily determined by planimeter. Such flat areas as 
may be subject to further irrigation are also apparent, as well as the 
areas, which by the very nature of their topographical features or 
surroundings are definitely eliminated. The pictures so marked and 
prepared by color and symbol to indicate the classifications and sub- 
divisions are then readily introduced as evidence. The man who 
performed the field work may identify the pictures, stating that he 
has checked them with the ground, and that they actually represent 
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Fig. 3. Inpex Map or Santa ANA RIVER BasIN, CALIFORNIA 
The area comprises about 150 square miles. Each of the 373 original prints 
represented by this map are 7 by 9 inches in size. 
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a true picture of the ground. No difficulty has been experienced in 
having such evidence introduced and accepted in court. 

It has further been found to be a great aid to the systematic pro- 
gress of such a trial, to have upon the wall of the court room a large 
photographic map depicting the entire area under dispute. With 
such a map available to refresh the memory of jury, court, counsel, 
and witnesses, not only is the orderly and speedy progress of the trial 
facilitated, but the accuracy of testimony and identifications is in- 
sured and the proceedings are readily followed. Everyone in court 
knows exactly which parcel of land is being talked about, and just 
how it is situated relative to roads, streams and surrounding pieces of 
property. 

Fortunate indeed were several property owners in the Santa Clara 
Valley of California, who happened to possess aerial maps of their 
ranches taken before the flood caused by the failure of the St. Francis 
dam. With this photographic record there could be little argument 
or question as to an equitable basis for determining damages. 

In all such cases, one of the greatest advantages of the aerial map 
lies in the fact that with such tangible evidence, and with such a com- 
plete photographic inventory of the existing conditions it is difficult 
indeed for a witness to give, deliberately or otherwise, inaccurate 
testimony relative to the physical features of the ground. 

Of course, many waterworks engineers are confronted only with 
the problems existing within the metropolitan areas of their communi- 
ties. Aerial maps of their cities may have been purchased primarily 
for the use of the City Planning Commission and the City Engineer. 
Such a map gives an accurate record, as of a certain date, of the exact 
percentage of improved to unimproved frontage in all parts of the 
city. Assuming that the City Planning Commission will zone these 
various districts so as to maintain a consistent standard of improve- 
ment and development, it is possible from this map count to predicate 
the ultimate water consumption of any particular district of the 
city. 

In all contemplated renewals of mains or laterals or enlargements or 
extensions of existing systems, this information is of obvious value. 
Furthermore, the waterworks engineer may have an aerial map of the 
city on the wall of his office on which all of his various types of service, 
sizes of mains, ete. are plotted by symbol and color. The type of 
service being rendered to every property and building is visibly re- 
corded for him and affords a basis for easy and intelligent discussion 
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with various property owners who come in with unusual problems and 
complaints. 


THE TOPOGRAPHICAL MAP BY AERIAL METHODS 


The story of the conquest of the topographical map by aerial meth- 
ods is interesting and romantic indeed. It may seem very mysterious 
that from a couple of flat pictures, a perfect contour map or three 
dimensional relief model may be produced. The methods are readily 
understood when one stops to think that two photographs of the same 
area taken from a considerable distance apart are nothing more than 
photographic records of the angles subtended from two stations on a 
base line. 

The exact positions of the two stations at the extremities of this 
base line are determined from the ground control and the production 
of the contour map is really a question of suitable machines for the 
observation, recording, and plotting of these mathematical data 
which have been optically recorded. 

When the two pictures have been placed in the contouring machine 
in miniature of the situation they occupied at the time of exposure and 
are observed through a pair of telescopes pivoted at the center of the 
camera lens, these telescopes when pointed at the conjugate images of 
any ground point as recorded in the two photographs, will actually 
intersect at the position for that ground point relative to the minia- 
ture model. The process is made easy by the following steps. The 
two telescopes are clamped so that their intersection only occurs in a 
given horizontal plane. Therefore, excepting when the image point 
of the two pictures lies within this horizontal plane, the cross hairs of 
the telescope will not point at the same image in the two pictures. 
by operating these cross hairs over the image, so that they are succes- 
sively pointed at those image points with which they do coincide, a 
contour line is plotted through the pantograph or lever mechanism of 
the apparatus. 

The precision of these processes and machines is positively amaz- 
ing, and the detail of every little wrinkle of the ground is truly por- 
trayed. Nothing is skipped, nothing is left to the imagination of a 
topographer, every inch of the contour line is mathematically and 
optically recorded in its true position. 

For the detailed topography required at dam sites, the pictures in- 
stead of being taken from an airplane are often taken from the ground 
in a photographic instrument known as a photo-theodolite. From 
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such surveys, it is practical to develop contour maps at scales as 
large as 1 inch equals 20 feet with 2-foot contours. When these photo 
theodolite negatives are placed in the plotting machines, the detail 
is so exquisite that the operator can tell precisely whether a contour 
line goes in front of, or behind, every small stone. 
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Fig. 5. San Gaprret Dam No. 2. AREA AND Capacity CuRVES 


These were developed from preliminary topography developed by aerial 
methods from pictures at an original scale of 1” = 1500’. The contour inter- 
val was 50 feet. As the project became more definite a check Area Capacity 
Curve was prepared from a ground survey at 1” = 200’ with 25’ contours. 
The agreement is practically perfect, excepting for the capacity in the bot- 
tom of the reservoir which naturally showed a variation when determined 
from 25 foot contours, compared to the quantity based on 50 foot contours. 


The methods of aerial photography, which have been described, 
are being extensively used, not only in civilian and private enterprises, 
but also by the various departments of the United States Govern- 
ment. The United States Geological Survey is now producing a con- 
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siderable quantity of machine topography based on aerial methods, 
The Reclamation Survey, United States Engineers Office, Biological 
Survey and other divisions of the Federal Government have had 
considerable work contracted to civilian organizations. 

The methods, which have been described, have been thoroughly 
proved by experience over a long period of years. It may be 
definitely said that in the particular field of their effective applica- 
tions, aerial photographic maps and aerial topographic methods afford 
rapid, economical and satisfactory methods for the securing of map 
information. 


DISCUSSION 


James W. Armstrona:’ I should like to cite an instance where 
aerial maps were used by the City of Baltimore to great advantage. 

The Bureau of Water Supply in connection with the Prettyboy 
Dam project for water works extension, was confronted with the 
necessity of purchasing over 6000 acres of land located about 30 miles 
north of the city. The land was required for the location of a large 
reservoir and for the replacement of roads that crossed the area to be 
flooded. 

In order to prevent the people in the vicinity from getting together 
and putting up the price of property, it was necessary to purchase the 
land without having it known that the city was an interested party. 
The negotiations for the purchase was easily handled through outside 
agents, but just what to buy was a more difficult problem. To puta 
party in the field for making surveys or running levels would have 
been equivalent to advertising the purchaser. 

The location of the dam and most of the roads had been fixed, and 
the elevation of the water surface had been decided upon, but all the 
information, except for that gained by walking over the ground, was 
secured from geological maps made on a scale of one mile to the inch 
with contours at intervals of 20 feet. 

A series of aerial photographs covering the desired area were taken 
from a distance of about one mile in the air. These photographs were 
well lapped so that none of the desired territory was missed. From 
the negatives, Bromide enlargements were made as nearly as possible 
to a scale of 200 feet to the inch. The records in the County Court 
House were then searched and plots were made of every piece of 


‘Filtration Engineer, Water Department, Baltimore, Md. 
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property in the area on the same scale of 200 feet to the inch. Then 
one of the geological maps of Baltimore County was secured and di- 
vided by a series of very fine, carefully drawn lines, into blocks of 
equal area. Photographs were taken of each of these blocks and 
Bromide enlargements were made to the 200-foot scale. As the en- 
largements were not transparent and as the lines were very wide, 
tracings were made with thin lines following the center of the thicker 
lines. The information gathered from the three sources was used as 
follows: 

The property plots were placed above the enlarged geological maps 
and the roads, contours, streams, and the flow line of the reservoir 
were traced uponthem. Asa final step in compiling the desired infor- 
mation, the partially completed tracings were placed over the aerial 
maps and from them the location of buildings, orchards, woodland, 
and plowed fields were obtained. From the County records the tax- 
able value of the property and a list of all improvements and their 
assessed value were secured. 

With the information gained in this way, the engineers were able to 
give the real estate agents facts that enabled them to keep many 
of the farmers guessing as to how they knew so much about their 
property. The maps were also valuable as a check on the farmers’ 
statements regarding the area of fields or wooded tracts. At a later 
date, when it came time to award a contract for clearing and grubbing, 
the aerial maps were used to prepare a contract drawing showing the 
area of land to be cleared. In most cases there was little trouble in 
finding enough control points to enable the three maps to be com- 
pared. It was, of course, realized that no great accuracy could be 
secured by such methods, and in doubtful cases the purchase of prop- 
erty was postponed until actual surveys could be made. 

There are occasions when accuracy in aerial mapping is essential 
and much work would be useless without it, but there are many times 
when general information is desired rather than extreme accuracy. 
In such cases the aerial map affords a marvelous opportunity for 
learning the location of all kinds of objects upon the ground and many 
facts about them. They also reveal much that could never be learned 
in any other way. 

Some surprising facts were brought out in relation to the geological 
map. It was found that in some places the road lines and stream 
lines coincided almost exactly with the aerial maps, but in some in- 
stances the aerial maps revealed glaring inaccuracies in the contour 
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maps. Actual surveys were made later, and generally confirmed 
the accuracy of the aerial map rather than the contour map. 

Another aerial survey was made of the Loch Raven district on a 
scale of 1000 feet to the inch. The city already had a map on the 
same scale made from actual surveys. When the tracing of the sur- 
vey was placed over the aerial map, it was surprising to see how 
closely the road, field, and stream lines followed those on the aerial 
survey map. All the points on the tracing did not, however, coincide 
with all the points in the aerial map. It was noticed in the individual 
photographs that the aerial maps were fairly accurate in the center 
and that their accuracy decreased in proportion to the distance from 
the center. 


W. N. Brown Mr. Eliel’s paper is most instructive and stimulat- 
ing. While I agree with him on many things that he has said about 
aerial mapping, there are, however, some points on which I have to 
take issue with him. I will take these up later. It may be that this 
difference is due in some cases to my not clearly understanding what 
he means, in which case a few words from him would clear up these 
differences. 

I agree with Mr. Eliel most heartily in his estimate of the great 
value of aerial photographs both in the reconnaisance stage of a proj- 
ect as well as in the work of making a survey and map. It is well to 
emphasize by reiteration that the speed with which the photographs 
may be obtained and the opportunity they offer for a quick prelim- 
inary study of a project are of great value. The wealth of informa- 
tion and the detail they carry for the use of those who will take the 
trouble to study them and interpret this information makes them 
invaluable. 

I differ from him in that part of his paper that relates to surveying 
and mapping. The picture I get from him is that there is one map 
method only, namely, the stereoscopic method, and the method is so 
perfect, that there can be found no fault with the map except that it is 
“Just too good.” These impressions are erroneous. And if you 
leave here with them it will do harm to the general cause of aerial 
mapping. 

Development in the aerial photographic mapping has been along 
two distinct lines, the one described in this paper, the other method 


‘President, W. N. Brown Inc. Engineers, Washington, D. C. 
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being one in which all physical data such as roads, streams, houses 
and railroad locations are obtained from the photograph, and in 
which the contours are located instrumentally in the field by ground 
methods. Prof. Sarason of Syracuse University has given such sur- 
veys the name of planimetric surveys. 

Mr. Eliel’s glowing description of the precision of the stereoscopic 
process states that the detail of every little wrinkle of the ground is 
truly portrayed, that nothing is skipped, and nothing is left to the 
imagination of a topographer. This description is the description of a 
theoretical map only. The actual product has to take into account the 
imagination of the operator looking through the stereoscopic instru- 
ment, attempting to delineate data recorded on the photograph whose 
scale is perhaps 1/10000 part of the natural scale. Data are either en- 
tirely or partially obscured by trees, brush and other undergrowth 
where the topographic wrinkle does not appear and where many fea- 
tures are skipped. It has also to deal with flat and gently rolling 
country where the topographic shapes do not appear clearly, country 
in which the topographer with numerous determined elevations at his 
disposal and looking at it to natural scale is taxed to know where the 
contour goes. You can easily visualize what these conditions do to 
the imagination of the stereoscopic machine operator viewing the 
reduced scale photograph perhaps through brush or growth that he can 
neither cut nor push aside. 

In this connection it will interest you to read an article by Captain 
Wilson of the U. S. Corps of Engineers, giving the results of profile 
tests over a map recently made by the stereoscopic method for the 
U.S. Corps of Engineers. This article will appear in the next issue of 
the Military Engineer. These tests did not indicate the fault that 
the map was “Just too good” as stated by Mr. Eliel. On the other 
hand Capt. Wilson states that the tests showed the map to be unsatis- 
factory as first submitted. 

While listening to the reading of Mr. Eliel’s description of the con- 
quest of the topographical map by aerial methods (steroscopic meth- 
ods) there ever recurred to my mind the picture of the fond lover de- 
scribing the charms of the one and only girl, describing what he 
thought her to be rather than as others knew her. 

Please do not misunderstand me and think that I do not appreciate 
the many charms of this attractive young lady, nor that I am not a 
staunch advocate of aerial photographic mapping. After twenty 
years of specializing in topographic mapping, during at least ten of 
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which I have used aerial photography, I realize not only its many ad- 
vantages, but also some of its imperfections. 

Mr. Eliel makes the statement “The purpose of an aerial survey, 
be it a photographic survey or a contour map, is to minimize the 
amount of ground work that is necessary for the production of a given 
map.” I take a diametrically opposing view on this point. To me 
the purpose of an aerial survey or any survey is to produce a depend- 
able map economically. Aerial photography is not a method of 
mapping complete within itself. It is merely an additional instru- 
ment placed in the hands of the engineer for his use in conjunction 
with ground survey methods. 

Concerning the two methods of using aerial photography in survey- 
ing, namely the stereoscopic and the planimetric, it may be that each 
has its advantages, one may be best suited to one type of work while 
the other may be best for another type, either of country or map scale 
or contour interval. It is certain, however, that no one is justified in 
making an unqualified or unsupported statement that one particular 
method has the advantage of economy, speed, completeness and 
accuracy of detail, over another. These claims have appeared a 
number of times recently in articles descriptive of the stereoscopic 
method, one newly formed company having a full page advertisement 
in The Engineering News Record in October, 1929, stating “Its advan- 
tages over the old type method are less ground surveying, higher 
accuracy, lower cost and quicker completion.”’ 

Do not let these statements and advertisements mislead you. The 
claim of higher accuracy, lower cost and quicker completion cannot 
be supported by fact. It merely means that their method is better in 
these respects than their information concerning other methods. 
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THE PRESUMPTIVE TEST IN WATER ANALYSIS! 


By Cassanpra RiItrer? 


Although methods of bacteriological water analysis in the United 
States are well standardized, due to the codperative work which 
resulted in the procedures recommended in Standard Methods of 
Water Analysis (1), new methods, and especially new media, are con- 
stantly being developed. Repeated attempts have been made to find 
a medium favorable to the coli-aerogenes group of bacteria, and un- 
favorable to the other organisms found in water. 

Present day attempts to improve the presumptive test are largely 
concerned with the use of anilin dyes in the enrichment broth. Gen- 
tian violet was added to lactose broth by Hall and Ellefson (2), and 
by Wagner and Monfort (3). Muer and Harris (4) prepared a 
brilliant green bile broth, which has been extensively studied. A 
combination of erythrosin, methylene blue and bromcresol purple was 
used in lactose broth by Dominick and Lauter (5). Janzig and 
Montank (6) claimed an inhibitory effect for Minneapolis water by 
adjusting standard lactose broth to pH 8. 

In the Water Laboratory of the Kansas State Board of Health, 
Schreiner (7), then bacteriologist, developed a medium with which 
he hoped confirmation would be unnecessary, but which would not be 
inhibitory to the coli-aerogenes group. This medium is a modification 
of standard lactose broth by the addition of basic fuchsin. Schreiner 
found that the addition of 0.8 cc. of a saturated alcoholic solution of 
basic fuchsin to 1 liter of lactose broth, gave optimum results. This 
modification was adopted by the Water Laboratory in 1921, and has 
been used routinely since that time. 


EXPERIMENTAL WORK 


The present work was undertaken to study the effects of basic 
fuchsin, in the enrichment broth, on the results in routine water 
analysis. The following points were studied: 


1 Thesis submitted in partial fulfillment of the requirements for the degree 
of Master of Arts. Presented before the Missouri Valley Section meeting, 
October 30, 1931. 

2From the Department of Bacteriology, University of Kansas, and the 
Water Laboratory, State Board of Health, Lawrence, Kans. 
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1. A comparison of results from fuchsin broth and standard broth, 
as to positive tubes and confirmations. 
2. A study of results from all analyses made during four years, in 
the Water Laboratory, with special regard to: 
a. Number and percentage of positive tubes from various 
kinds of water; 
b. Number and seasonal variation of non-confirming tubes; 
c. A consideration of the importance of non-confirming tubes 
in interpreting bacterial analysis of water; 
d. A study of the cause of gas production in tubes not 
confirming. ‘ 
ROUTINE WORK 
Methods 


For all routine work, lactose broth is prepared as recommended in 
Standard Methods of Water Analysis. After the ingredients are 
dissolved and the reaction adjusted, 0.8 cc. of a saturated alcoholic 
solution of basic fuchsin per liter of broth is added. The stock solu- 
tion of the dye is prepared by saturating 95 per cent alcohol with basic 
fuchsin crystals and decanting and filtering the supernatant solution. 
Certified basic fuchsin as recommended for Endo’s medium is used. 
Dyes were obtained from Henry Heil Chemical Company, Coleman 
and Bell Company, and National Aniline and Chemical Company. 
The media is tubed in Dunham fermentation tubes, using two sizes of 
tubes and corresponding sizes of fermentation vials for different 
amounts of the water samples. Sterilization is in the autoclave at 
15 pounds for 15 minutes. 

Some explanation of the samples routinely tested is necessary. 
The public water supplies of the state are divided into two main 
classes: ground waters, such as wells and springs, 260 in number, 
tested twice a year, and surface waters, and other treated waters, 
70 in number tested once a week. Samples of the former are all of 
the same type, as that group is not treated; of the latter, samples are 
of the raw water, from the coagulation basin, the filter effluent, and 
the tap effluent, which in the majority of cases has been chlorin- 
ated. Other samples include those listed as ‘Public Health,” which 
are from private wells, cisterns and swimming pools; in addition, 
there are ices and bottled waters. 

In planting samples for the presumptive test, three tubes are made 
from each dilution, these dilutions depending on the source of the 
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water. They vary from 10 to 0.001 cc. portions. The partially con- 
firmed test from Standard Methods, using Endo plates, is employed 
routinely, but when there is doubt, the culture is retested in lactose 
broth and restreaked on Endo plates. Readings from the presump- 
tive tubes are made at 24 and 48-hour periods. Active bubbling is 
reported as positive, experience having shown that with fuchsin broth 
any amount of gas usually indicates coli-aerogenes group organisms. 
The Standard Methods practice of confirming only one tube of the 
highest dilution showing a positive reading, is used for samples of raw 
water and samples from coagulation basins, but for other samples, 
where more than one is positive, tubes from two dilutions are selected. 
Thus the number of tubes to be confirmed exceeds the number of 


positive samples. 


COMPARISON OF MEDIA 
Methods 


In order to compare results in fuchsin broth directly with those ob- 
tained from standard lactose broth, a series of samples was run in the 
two media simultaneously. When the broth was prepared, a portion 
was tubed before the addition of the dye; thus the composition of the 
two media varied only in the fuchsin content. Samples were planted 
in both media during the process of the routine work the same dilu- 
tions and incubation periods being used. For confirmation, each 
positive tube of standard broth was streaked instead of the smaller 
number selected, as described, from fuchsin broth tubes. Five hun- 
dred fourteen samples, picked at random from the routine work, were 
tested at different times during three years. Included with this 
number are 19 analyses by Dr. N. P. Sherwood, of the Topeka city 
water. Sixteen of these are tap effluents and 3 are filter effluents. 


Results 


In making comparisons, the coli index, as indicated from the con- 
firmations, was used where the results differed. The coli index was 
figured from the tables prepared by McCrady, as given in “Elements 
of Water Bacteriology,’ by Prescott and Winslow (8), fourth edition, 
pages 90 and91. The results of these tests are given in table 1. 

It will be observed from table 1 that, in the majority of the analyses, 
the number of coli-aerogenes organisms is the same with either 
method. For 43.0 per cent of the samples, the results from the pre- 
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sumptive test were identical; for 66.6 per cent of the samples, the 
results after confirming were the same. A comparison of the samples 
giving more coli-aerogenes in one medium, based on the difference 
shown by the coli index for each sample, shows such individual vari- 
ations as 75 per 100 ce. of sample, in fuchsin broth to 4 in standard 
broth, or such similarities as 9 in fuchsin broth to 9 in standard broth. 
Similar differences are noticed in samples showing more coli-aerogenes 
organisms in standard broth. For the ground waters, as well as the 
total number of samples, one medium shows little advantage over the 
other in number of isolations. 


TABLE 1 
Results of samples run in fuchsin broth and standard broth simultaneously 
SURFACE WATER 
| 
Both media negative.............. 3 4 | 17 | 36 | 116 | 176} 33.0 
Coli index same from both media...) 4 | | 17 | 2 | _27 | 100 
Total with presumptive tests the 
7 7 | 38 | 143 | 229 | 43.0 
Coli index higher in standard broth.| 6 4 | 27 | 10 44 91 | 17.1 
Coli index higher in fuchsin broth.| 10 1 17 | 13 46 87 | 16.3 
Coli index negative; false positives 
in standard broth............... 6 2 16 | 72 23 | 119 | 22.3 
Coli index negative; false positives 
in fuchsin broth ................ 0 0 2 2 3 7} 1.3 
Total number of samples run..../ 29 | 14 | 96 | 135 | 259 | 533 


Samples of raw water and those from coagulation basins of surface 
supplies, show few differences. Filter effluents show a slightly higher 
percentage of confirmations in standard broth, but in tap effluents the 
order is reversed. , The most striking result in this group is the large 
proportion of false positives in standard broth, with no coli-aerogenes 
group organisms present. There were a number of non-confirming 
tubes of standard broth from samples showing Bact. coli which are 
not shown as such in table 1, but are listed according to the coli index. 
These tubes were found in 24.0 percent of the ground waters showing 
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Bact. coli, 36.0 percent of the filter effluents, and 36.0 percent of the 
tap effluent samples. A count of the tubes of standard broth shows 
15.5 percent of the tubes from ground waters and 43.2 percent of the 
tubes from surface waters not confirming. The tap samples alone 
showed 88.3 percent of false positive tubes. 


RESULTS OF ROUTINE ANALYSES 


Since it was observed in routine analyses that the non-confirming 
tubes were more numerous at certain seasons, and from certain 
sources, a tabulation was made of results for the years 1924, 1925, 
1926, and 1927. These results are shown in table 2. The samples 
listed as “railroad” were ground waters or surface tap effluents, on 
which five 10 cc. portions were run, to comply with Treasury Depart- 


TABLE 2 


Tabulation of averages of samples run routinely in fuchsin broth in the Water and 
Sewage Laboratory during the years 1924, 1925, 1926 and 1927 


a 

8 3 

|g 

Total samples run.................. 31,318) 6,540) 1,354, 136 | 2,216/41,564 
25,309) 4,295) 669) 75 | 3,184/33,532 
Tubes not confirming............... 1,570} 195 34 1 35| 1,835 
Percent of tubes not confirming..... 6.20) 4.54) 5.08) 1.33 | 1.09) 5.47 


ment standards. Of the 34 non-confirming tubes from ice samples, 27 
were from natural ices. 

Although results from individual years show variations as to total 
numbers, and numbers from different sources, the averages given in 
table 2 present a typical picture. 

As the non-confirming tubes are of the greatest interest, a special 
study of them was made. The chronological distribution is shown 
by the curve in figure 1. The striking thing is the abrupt drop of the 
false positives during April to the low number maintained during the 
summer, until an increase appeared in October which in turn fell until 
January. This general curve is true of samples from all sources, 
showing that conditions are much the same, irrespective of the source 
of supply. Ea 
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It will be noted that each year’s curve shows variations, as the rise 
in October, differing in height. The number of samples run was 
greater in 1924 and 1925 than in succeeding years, explaining in part 
the greater number of non-confirming tubes in those years. A study 
of the total rainfall in the state month by month did not show correla- 
tion with numbers of non-confirming tubés. 

By far the greater number of noa-confirming tubes had not shown 
gas until 48 hours’ incubation. There is no apparent difference in the 
amount of gas production between the confirming and non-confirming 
tubes. The false positives do not constitute a large number of the 
positive tubes of any one sample, but are about equally distributed 
between samples confirming in other dilutions and those having no 
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confirming tubes. Those showing false positives but no coli-aero- 
genes almost always have only one tube of the lowest dilution positive 
after 48 hours. Those with other tubes confirming usually fail to 
confirm in the highest dilution poistive, this frequently being a single 
48-hour positive, with confirming tubes from 24-hour incubation. 
Thus the coli index, in the majority of the cases, would be but slightly 
changed if no confirmations were made. 

Comparison with results in standard lactose broth, reported by 
workers in different parts of the country, shows the advantages of 
fuchsin broth. From the 33,532 positive tubes, in our study, there 
were 94.53 percent confirmations. From 45,030 positive tubes of 
standard broth reported by various workers, there were 57.59 
percent confirmations. The results ofeach worker are given in 
table 3. 
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STUDY OF CAUSES OF NON-CONFIRMING TUBES 


The reasons generally given for positive presumptive tests which 
fail to confirm are the presence of anaerobic spore-formers, or of sym- 
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TABLE 3 
Confirmations reported using standard lactose broth 
PER- 
GAS FIRMING FIRMING 
Dominick and Lauter (5), 

Washington, D. C......... Surface filter and tap 1,090 211) 19.3 
N. Ritter (9), Kansas....... Surface tap 4,320) 2,608) 60.3 
Ruchhoft (10), Chicago..... Surface 2,046; 1,090) 53.2 
Janzig and Montank (6), 

Minneapolis.............. Surface, raw and tap 3,514 225) 6.4 
Hall and Ellefson (2), Cali- 

Hinman (11), lowa City, Ia.| Surface tap 561 61} 10.9 
Raab (12), Minneapolis... .. Surface tap 1,353 77| 5.7 
McCrady and collaborators 

Ground, surface, raw |} 3,622) 1,814) 50.0 

and tap 
Jordan (14), Indianapolis...| Surface tap 2,506 539) 21.5 
Levine (15), France......... Surface, raw and tap 1,440) 1,099) 76.3 
Lauter (16), Washington, 

rs Surface, raw and tap 3,186 522) 16.4 
Frost (17), Ohio River and 

tributaries................ Surface, raw and tap 16,797) 15,626} 93.0 
*Howard and Thompson (18), 

Surface, raw and tap 935 762) 81.5 
Hinman and Levine (19), 

Sherwood (20), Topeka, Ks...| Surface tap 148 36} 24.3 
C. Ritter, Kansas........... Ground, surface, raw | 1,049 732| 69.8 

and tap 
Noble (21), Chicago......... Surface, raw, wells, 64.2 
sewage 
raw 
45,030) 25,936) 57.59 


* Tubes incubated for 72 hours; all others 48 hours. 


biotic complexes. Sears and Putnam (23) showed that certain organ- 
isms grown together in lactose broth would bring about vigorous gas 
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production, a phenomenon called synergism by Holman and Meeki- 
son (24). Leitch (25) isolated such complexes from water. One 
group of his organisms formed acid from lactose, these being usually 
Gram-positive cocci, and the other formed gas from dextrose, these 
being in every case bacilli. 


Methods 


Testing for the presence of symbiotic complexes in non-confirming 
tubes by us was done by picking from cultures appearing negative on 
Endo or eosin-methylene blue plates, into standard lactose broth 
tubes. When gas appeared in these tubes they were again streaked 
on Endo plates and the resulting cultures, both separately and in 
different combinations, were tested for gas production in lactose broth. 


Results 


Of 30 such cultures picked, 23 formed gas in 48 hours, but 7 of them 
produced no growth subsequently on Endo plates, and all cultures or 
combinations failed to continue producing gas after one or two more 
generations. Cultures were also picked yielding organisms ferment- 
ing dextrose, and a smaller number forming acid from lactose. They 
were all Gram-negative rods; Gram-positive coccus forms were not 
isolated. In no case could gas be formed in lactose broth by a com- 
bination of these organisms, and the same organisms re-isolated. 

Of another group, 5 cultures from two different sources continued to 
show gas, which it was finally apparent was from one organism, which 
was identified by cultural tests as Bact. aerogenes. This condition 
was again encountered in other groups, in which a culture identifiable 
as Bact. coli or Bact. aerogenes was isolated from a mixed culture 
appearing negative on Endo for several transfers. 

Endo plates containing dextrose instead of lactose were inoculated 
parallel with the routine standard Endo plates, from positive fuchsin 
broth tubes. Those tubes positive on Endo were also positive on 
dextrose plates. In 67 cases, the culture was negative on Endo. In 
41 cases, 61.2 percent of these, it was positive on dextrose plates; in 
26 cases, or 38.8 percent, it was negative on dextrose plates. 

To observe changes in appearance on Endo plates of typical positive 
cultures, 7 tubes were streaked on successive days. On the 11th to 
to the 16th day, colonies ceased to appear. But when transfers of 
one half cubic centimeter were made from the original tube to lactose 
broth tubes, the sub-cultures were positive and showed typical 
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colonies on Endo plates. Five cultures were still growing at the end 
of 22 days. The colonies on Endo plates were faded but on recultur- 
ing, typical colonies grew. The cultures seemed to contain hoth 
Bact. coli and Bact. aerogenes, neither outgrowing the other. 

A series of pH readings were made to test the correlation of the 
hydrogen-ion concentration of our waters with the appearance of non- 
confirming tubes. Three hundred sixteen observations were made, 
over a period of 20 weeks, from March through July. The variation 
was from pH 4.0 to 8.4, with an average of pH 7.8. During this 
time, 10.2 percent of the positive tubes from these samples did not 
confirm, but there was no correlation between these non-confirming 
tubes and the pH of the sample. 


DISCUSSION 


Cultures of the Ps. pyocyaneus and Ps. fluorescens type sometimes 
mask the coli-aerogenes organisms on Endo plates; in such cases, 
positive results can frequently be obtained by picking and restreaking. 
Greer and Nyhan (26) found that Ps. pyocyaneus might outgrow 
Bact. coli in 48 hours, when they were inoculated together, and Young 
and Greenfield (27), by exposing inoculated soil for six years, found 
that during periods of much rainfall, in October and early spring, 
Bact. coli was masked by Ps. fluorescens, although it could be iso- 
lated again at the end of the period. 

That aerobic spore-producers, reported as occasionally interfering 
with the completed test, are inhibited in fuchsin broth has been 
shown by Schreiner (28). Furthermore, these organisms have never 
been observed by the writer when using fuchsin broth, although they 
have occasionally been found when testing the same water in standard 
broth. 

Apparently these several factors are responsible for the non-confirm- 
ing tubes, namely: symbiotic complexes, a change in appearance of 
coli-aerogenes organisms by the metabolic products of associated 
water bacteria, and a masking of the Bact. coli by Ps. pyocyaneus, 
and seasonal growth of B. fluorescens liquefaciens. 

The spontaneous appearance of Bact. coli and Bact. aerogenes in 
cultures recalls the work of Stearn (29) in which the prolonged culti- 
vation of 7 strains of lactose-fermenting water-borne bacteria in 
gentian violet broth brought about an increase in their metabolism, 
and uniform cultural reactions. 

Symbiotic complexes may have been the cause of gas formation for 
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1 or 2 generations, in the cases studied, and the altered metabolism of 
the bacteria involved inhibited later gas formation. The failure to 
isolate Gram-positive coccus forms would suggest that they might be 
inhibited by the dye, although the presence of dextrose-fermenting 
organisms would suggest the activity of such forms. However, in- 
stead of explaining the seasonal appearance of non-confirming positive 
tubes by the activity of symbiotic complexes, it may be that the small 
number of these non-confirming presumptive tests is due to an inhibi- 
tion by the dye of one or more of the organisms involved. This point 
will be the subject of further study. 

There was no evidence of bacteriophage in plates, or from the 
broth of non-confirming tubes transferred to broth tubes of pure 
cultures. 

Basic fuchsin apparently acts much the same in inhibiting the 
Gram-positive organisms as does brilliant green, gentian violet and 
rosalic acid. These dyes are closely related chemically, all being 
classed as phenyl-methane dyes. That some of the growth occurring 
in standard broth is inhibited in fuchsin broth is indicated by the 
clearness of many of the fuchsin tubes in which gas is not formed. 
That anaerobic organisms are inhibited is suggested by the large 
number of chlorinated tap effluent samples which give false positives 
in standard broth, but negative presumptive tests in fuchsin broth. 


CONCLUSIONS 


1. Basic fuchsin, used in a final concentration of 1-1250 of a satu- 
rated alcoholic solution in lactose broth, as developed by Schreiner, 
has been found a satisfactory modification of that medium for routine 
water analysis in Kansas. 

2. Results from 33,532 positive presumptive tests in fuchsin broth 
show 94.53 percent confirmations. Results from 45,030 positive 
presumptive tests in standard broth containing no dye or other in- 
hibiting agent, reported by various workers, show 57.59 percent 
confirmations. 

3. There is a marked seasonal variation in the non-confirming tubes 
showing gas, the maximum being from November to May, and the 
minimum from May to November. 

4. The selective action of basic fuchsin is most marked in chlori- 
nated surface tap effluent samples. 

5. Attempts to show the cause for non-confirming positive tubes 
gave evidence to show that no one factor was responsible. In differ- 
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ent cases the gas might be due to: (a) coli-aerogenes organisms 
masked on confirmatory plates by Ps. fluorescens or Ps. pyocyaneous; 
(b) coli-aerogenes organisms altered in appearance on confirmatory 
plates by the metabolic activities of other organisms present; and (c) 
symbiotic complexes, as suggested by the formation of gas for one or 
two generations by twenty-three non-confirming samples, which 
showed no subsequent growth; and the presence of dextrose-ferment- 
ing organisms in lactose-negative cultures, suggesting the symbiotic 
association of these types of lactose-splitting organisms, and conse- 
quent production of gas from lactose. There was no evidence of 
bacteriophage. 
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THE ELIMINATION OF MANGANESE IN RESERVOIRS! 
By Pavut W. Frisk? 


Water purification for use in chemical industries is of great im- 
portance not merely from a sanitary viewpoint, but particularly 
from the standpoint of mineral purity. Those industries which rely 
upon reservoirs as a source of water supply may be confronted with 
complex problems of water treatment during the fall and winter 
seasons and immediately after a sudden decline in temperature if 
proper precautions are not taken. It has been the problem and 
experience of the writer to work out a treatment for water which was 
giving such difficulty. 

In the literature that has been reviewed, there are many other 
instances where a large amount of manganese and iron has been 
allowed to accumulate in the bottom stratum of a reservoir, resulting 
in difficult problems at the water treatment plant when the entire 
content of this concentrated stratum became diffused throughout 
the reservoir. At the American Enka Corporation. a rayon plant 
located near Asheville, North Carolina, we encountered a similar 
unexpected experience. The corporation had built an artificial 
lake having a capacity of 300,000,000 gallons. This lake was origi- 
nally intended for a large water reserve, enabling us to safeguard 
against drought. When we later commenced using water from the 
lake daily we discovered after some time that there had been a 
building up of manganese. 

Building up of a relatively high concentration of manganese and 
iron through the decomposition of organic vegetable matter at the 
bottom of the lake, a condition of which we were unaware at that 
time, resulted in a situation which was rather difficult to treat at the 
moment. 

The water supply in the lower Hominy Valley, where our plant 
is located, comes from the water shed on the lower Northern slopes 


1 Presented before North Carolina Section meeting, November 3, 1931. 
2 Manager of the Chemical Laboratory, American Enka Corporation, Enka, 
N.C. 
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of Mt. Pisgah. This water shed is well protected and covers an 
area sufficiently large to supply 20,000,000 to 30,000,000 gallons per 
day. This area is well covered with timber which protects the water 
shed from corrosion and, consequently, reduces the mineral con- 
stituents to a minimum. Therefore, the surface water contains a 
very low percentage of mineral constituents. This contrasts with 
water supplies from areas where there is little or no vegetation and 
propagation of trees and are found to be high in manganese and iron 
content. 

The rocks in the soil of the Northeastern slopes of Mt. Pisgah 
are rich in manganese and iron bearing ore. The surface soil con- 
tains manganese and iron which is easily dissolved in the water under 
the proper conditions, which means when organic matter is allowed 
to decay at the bottom of the reservoir. Therefore, it is necessary 
when the water is impounded in a reservoir in such a territory that 
this reservoir be scraped and completely freed from organic vege- 
table matter beforehand. Otherwise, a series of nuisances may be 
expected. 

The reservoir, or artificial lake. which will be diseussed in this 
paper bears out the facts concerning these difficulties. This reser- 
voir covers an area of 75 acres, having a length of three-quarters to 
one mile and a width of 300 to 400 yards at its broadest point. It is 
2,098 feet above sea level and bas a drainage area of five and one-half 
square miles, with a total capacity of 300,000,000 gallons. The 
daily average evaporation of the lake is approximately 500,000 
gallons. Itis fed by nine small streams including a spring. Previous 
to the making of the lake, a stream known as Moore’s Creek flowed 
through what is now the length of the lake and had a daily capacity 
during that time of 4,000,000 to 7,000,000 gallons. 

The lake, or reservoir, is situated at a distance of about one mile 
from the filter plant. Hominy Creek, with a capacity of about 
20,000,000 gallons, runs right along the filter plant. Water from 
this creek is pumped to the lake at night. Thus, by draining during 
the day and pumping into the lake at night, it is possible to maintain 
a constant volume in the reservoir and a water supply of fairly 
uniform purity. 

The natural supply of this reservoir is sufficient to supply 4,000,000 
gallons for factory use plus 500,000 to 750,000 gallons for evaporation 
per day. 

Previous to the experience with which this article deals we had 


a 
0 
t 
¢ 


VOL. 24, NO. 3] ELIMINATION OF MANGANESE 427 


found the water in western North Carolina to be moderately pure 
and easily treated. It is not highly colored or polluted with domestic 
or industrial wastes, as is true of our eastern water supplies. The 
lake was partly filled during the spring and summer of 1929 and by 
the end of the summer, due to the heavy rains, there was sufficient 
water in the reservoir to begin drawing it off to the filter plant. At 
that time and during the subsequent winter of 1929-30 the contents 
of the lake had not been stagnant for a long time and its treatment 
offered no particular difficulties. During the summer of 1930 a 
comparatively small accumulation of impurities made itself evident 
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Fig. 1. MANGANESE AND Iron ContTEeNT oF Lake ENKA AT A DEPTH OF 
30 To 32 Feet 


and had an ill effect on filtration, resulting in a decreasing of the 
filter time and in efficiency of operation. The turbidity during 
that summer was very low, requiring a proportional adjustment 
of chemicals. 

During the summer of 1930 the decomposition of vegetable matter 
at the bottom of the lake, causing the dissolving of the manganese 
and iron, made considerable progress, although it was not at its 
maximum, as proven by later observations, especially those of 1931. 
During this same period, microérganisms became apparent and at 
times larger organisms could be seen, but were not identified as to 
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species. Analyses of the lake water at the surface and at various 
depths were made to ascertain the chemical and physical com- 
position. These analyses revealed an increase in turbidity, iron, 
manganese, and carbon dioxide, with a decrease in oxygen propor- 
tionate to the increase in depth, a very common phenomenon. 

These impurities were found concentrated in the lower strata 
of the lake, as shown by comparison of figures 1 and 2, and continued 
to prevail until the level of the lake was drawn down, as will be 
described later. It was apparent that the manganese concentration 
at the bottom of the lake at the end of the hot season was more 
than ten times as high as it was at 6 feet from the surface. 
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Fig. 2. MANGANESE CoNnTENT OF LAKE Enka at A Depts oF 6 FEET 


These layers or strata of impurities remained as such until there 
was a sudden disturbance of equilibrium through change in tem- 
perature of the top layers of the lake, due to the cooler fall weather, 
which resulted in the turn-over of the water in the lake. This 
happened during the month of October, 1930. At that time we 
were not quite prepared for this new condition, and, therefore, this 
occurrence developed into an immediate difficulty at the treatment 
plant, as the excessive amounts of manganese and iron could not be 
oxidized in the usual manner. Since the treatment plant was not 
able to handle such conditions, the consequences were higher residual 
manganese and iron content than desirable in the effluent of the 
filters. 
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TREATMENT METHODS 


Steps taken to handle the condition were as follows. As it was not 
possible to adopt at once an elaborate method of treatment or to 
apply any of the well recommended and active treatments, and as 
we were confined to the use of the rather simple treatment and the 
gravity filtering equipment that was available at that time, the 
treatment consisted in adding alum and soda and hypochlorite as 
coagulants for the oxidation of organic matter and iron. On account 
of the large demand for filtered water at that particular time, our 
mixing time was only about 15 to 20 minutes, while the sedimenta- 
tion period was 3 to 3.5 hours. This was considered to be a very 
short time for a contact period, for the oxidation of all manganese 
and iron present, as only a low concentration of hypochlorite was 
used. The precipitation was slow, and with the addition of organic 
matter the settling of the floc was greatly retarded. 

Our best chance to conquer the situation was to increase the coagu- 
lant and to add potassium permanganate in the same tank as the 
alum, which would result in a more complete oxidation of manganous 
sulfate and bicarbonate, precipitating mer Fl hydrate and man- 
ganese dioxide. 

The dosage of potassium permanganate was approximately 1.4 
mgm. per liter to every part per million of manganese in the raw 
water. It was found possible to oxidize the manganese in the water 
sufficiently to cause precipitation, provided that a pH of 6.8 to 7.0 
was maintained. Only approximately 65 to 75 percent of the man- 
ganic hydrate settled into the basin. The remainder came into the 
filters. 

As the use of potassium permanganate was continued the building 
up of the Mn,O; and MnOz, combined with the organic substances 
on the filters, decreased the filter runs to such an extent that it became 
difficult to continue operation. During this time the hypochlorite 
was being fed at the rate of approximately 1.0 p.p.m. available 
chlorine, which gave a final residual chlorine of 0.4 and 0.5 p.p.m. 
in the filtered water. This residual chlorine was followed up by 
analysis through the baffles and through the settling basins to ascer- 
tain its exact quantity at various stages of the treatment process. 
Allowance was made for the manganese. It was not possible to add 
higher concentrations of chlorine, as we had no immediate means 
by which to dechlorinate. So it became a problem to determine 
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how the filter run could be increased by the proper adjustment of the 
dosage or by substituting another coagulant. 

Sodium aluminate having been used elsewhere with marked suc- 
cess, it was considered possible that by substituting sodium aluminate 
for part of the aluminum sulfate, we could produce a heavier floc, 
which would in turn carry down more of this suspended manganic 
hydrate. 


TABLE 1 
Jar tests for chemical dosage, Lake water, March 4, 1981 
(Chemicals applied—grains per gallon) 


FLOC 
NUMBER| ALUM | SODA CHLORINE| pH* 
Time Character 
minutes 
1 1.84 | 1.27 | 0.174 | 0.015 | 0.17 6.3 10 | Fair 
2 1.84 | 1.27 | 0.180 | 0.015 | 0.17 6.5 10 | Very good 
3 1.84 | 1.20 | 0.19 0.015 | 0.17 6.5 10 | Fair 
4 1.84 | 1.20 | 0.2 0.015 | 0.17 6.4 10. ‘| Fair 
5 1.84 | 1.15 | 0.21 0.015 | 0.17 6.4 10 | Fair 
6 1.84 | 1.15 | 0.22 |0.015 | 0.17 6.5 10 | Excellent 
7 1.84 | 1.15 | 0.24 0.015 | 0.17 » 10 | Good 
8 1.84 | 1.0 0.26 0.015 | 0.17 7.1 10 | Fair 
9 1.84 | 1.0 0.28 0.015 | 0.17 7.1 10 | Fair 
10 1.84 | 1.27 | 0.16 0.015 | 0.17 7.1 15 | Poor 
11 1.84 | 1.27 | 0.138 0.015 | 0.17 7 15 | Poor 
12 1.84 | 1.27 | 0.10 0.015 | 0.17 Poor 
13 1.84 | 1.3 0.07 0.015 | 0.17 Poor 


* After floc was formed. 

Tests No. 1 and No. 6 showed a distinct difference in quality of settling, 
although the time was the same. The floc was heavier. 

pH, 7.0; alkalinity, HCO;, 12.8 p.p.m.; turbidity, 6 p.p.m. 


Experiments with jar tests on a laboratory scale were made to 
obtain the correct dosage, after which further tests were made to 
determine the optimum dosage for our particular water. 

The dosages resulting in the best floc formation and settling are 
shown in table 1. From this table it will be noted that 0.22 grain 
of commercial liquid sodium aluminate per gallon of raw water gave 
the most satisfactory results. 

During the great number of tests made to determine coagulation 
and sedimentation, it was observed that it was necessary to add 
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more coagulant when the manganese in raw water increased than 
during the periods when it was relatively low. : 

This dosage, as given in table 1, was reproduced on a plant scale 
with astonishing results. The filter time increased 20 to 30 per cent. 
Floc formations were larger with a greater density and the settling 
basin appeared to be clearer. 

The manganese in raw water at this time was 0.7 and in the clear 


- filter effluent 0.00 to 0.02 mgm. per liter. The concentration of 


TABLE 2 
Comparison of analysis of Moore’s Creek and Lake Enka 


AVERAGE COMPOSI- 
LAKE ENKA), 1929 BER, 1930 

Hardness 9.6 12.39 
Suspended 13.1 7.5 
Total dissolved solids. 36.7 33.60 


Results recorded in parts per million. 


mineral constituents in the lake water in December, 1930, may be 
compared with the composition of the creek water in 1929, as shown 
in table 2. The manganese content increased considerably. 

The filter plant dosage for alum, soda, aluminate, permanganate 
and chlorine for December, 1930, was as follows: 
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9-D.9. 


With this dosage we were able to precipitate 0.7 to 1.0 mgm. per 
liter of manganese in our raw water and also to maintain 15 to 20 
hour filter runs. The average load on the filters at this time was 
about 15 cubic meters per hour per square meter of filtering surface, 
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Fig. 3. Carson DioxIDE AND OxyGEN ConTENTS OF LAKE ENKA 


The above conditions were not equal to the 1931 conditions of the 
reservoir. In the spring of 1931 the manganese gradually dis- 
appeared from the raw water taken into the filter plant. Conse- 
quently, an entirely different dosage was necessary later. 

In order to decrease or to prevent the accumulation of manganese 
in the reservoir during the summer and fall of 1931, a valve which 
drains the lowest portion of the reservoir was opened from time to 
time and analyses were made to determine the concentration of 
manganese, iron, COs, Oz, and the turbidity. Upon these analyses 
decisions were made as to the proper time to open this valve. From 
figures 1, 2, 3 and 4 you may see that, notwithstanding the opening 
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of the valve at the bottom of the lake at definite intervals, the iron 
content, particularly, increased during the hot season. From the 
high manganese content, as given in figure 1, we have also come to 
the conclusion that during 1931 the dissolving action of manganese 
was probably greater than during 1930. At the beginning of October 
the manganese near the bottom of the lake decreased sharply and 
at the same time there was an increase of impurities of the top layers, — 
as shown by figure 2, in which the manganese content has been 
plotted as a function of the time. The same phenomenon may be 
followed on figure 4, in which the turbidity of the bottom and of 
the top strata of the lake has been plotted. At the beginning of 
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Fig. 4. Tursipiry or at Deptus oF 30 to 32 Fert anp 6 FEET 


October the marked difference between these figures suddenly dis- 
appeared. This indicates the time when mixing occurred through 
decrease in temperature of the top layers of the reservoir water in 
the fall. 

As a result of the procedure of drawing water from near the bottom 
of the lake during last November, our troubles this fall are not serious, 
as only 0.35 p.p.m. of manganese is present in the mixed lake water, 
whereas last fall we learned how to deal efficiently with more than 
double this quantity. 

A study of the filter sand was also made, including analyses of the 
sand during the periods of accumulation, before washing the filter, 
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and immediately after washing. The results thus obtained confirm 

the assumption that, after all, a part of the manganic hydrate igs 

finally oxidized to Mn,O; and MnO, on the filter sand. As this 

Mn,.O; and MnO; accumulate, it may be assumed that the efficiency 

of the filter bed will decrease to a point where it will be necessary 
to change the entire filter beds. 


TABLE 3 
Comparative analysis of filter sand (filter No. 8) 


DEPTH APPEARANCE | MOISTURE Mn Fe 


After washing (August 27, 1931) 


inches percent 
Surface Black 30.73 1,200.0 312.50 
2 Blackish brown 8.48 450.0 156.25 
8 Blackish brown 15.90 400.0 156.25 
12 Dark brown 33.00 450.0 156.25 
18 Dark brown 33.00 450.0 156.75 


Before washing (October 12, 1931) 


Surface Black mixed with 37.96 4,000.0 900.0 
red mud 

2 Blackish brown 23.11 800.0 225.0 

8 Blackish brown 24.67 700.0 200.0 

12 Dark brown 7.42 500.0 175.0 
18 . Dark brown 5.84 700.0 175.0 

After washing (October 12, 1931) 

Surface Dark brown 9.15 1,200.0 450.0 
2 Dark brown 7.91 1,000.0 450.0 

8 Brown 10.92 700.0 450.0 

12 Brown 11.29 600.0 250.0 
18 Brown 10.40 600.0 250.0 


Manganese and iron content recorded in parts per million. 


This analysis shows that 70 to 80 percent of the total manganese 
in the filter sand to a depth of 8 inches may be found within 2 inches 
of the surface, which is made clearer by the data in table 3. 

The hypothesis that the phenomenon of the solution of manganese 
is the result of the decomposition of organic vegetable matter has 
been well confirmed by our analyses and results as shown. Such 
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decomposition consumes part of the dissolved oxygen near the bottom 
of the lake, liberating CO. and, perhaps, H.S instead. Conditions 
which fit in nicely with this consideration were actually observed 
near the bottom of the lake. This may be seen from the graph 
shown in figure 38. The concentration of CO, near the bottom is 
considerably high with a comparatively low oxygen content. 

By continuous drawing off from the bottom of the lake during the 
summer and early fall, it is hoped that after a few years only a small 
amount of manganese will remain. If this does not prove to be 
true, it will be concluded that the soil is highly concentrated with 
manganese and that the small underground streams perhaps help 
to maintain its concentration. 
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A PLAN FOR WATER WORKS BETTERMENT WORK AS A 


PART OF A NATIONAL WORK RELIEF 
CONSTRUCTION PROGRAM 


1. Construction in the water works field offers an opportunity for 


doing much needed work which will be of large permanent value. 

2. Many water works in all parts of the country are sadly deficient 
in supply and quality (as demonstrated by the recent drought), in 
general distribution systems and particularly in street mains of 
sufficient size and suitably interconnected to provide adequate fire 
protection. Much of this work has been needed for a long time. 
The work is national in scope. 

3. A conservative estimate of the money which could be expended 
in the immediate future to meet most urgent needs is as follows: 


For reenforcement of distribution systems, including 


gates, hydrants and elevated storage.............. $200 ,000 ,000 
For replacement of small pipes in distribution systems 

with pipes of adequate size....................... 100 ,000 ,000 
For extensions of distribution systems to give fire pro- 

tection in outskirts of communities............... 50,000 ,000 


For new or additional supplies or purification works, 
the need for which was demonstrated by the recent 
drought, and as probably represented in part by 
deficiencies in normal 1931 and 1932 budgets for 
water works improvements........................ 200 ,000 ,000 


This estimate does not include such large water supply projects as 
are being developed or are under consideration for New York, Los 
Angeles and Philadelphia. 


4. Under ordinary conditions this estimate would be divided as 
follows: 


Of the amount for materials delivered $20,000,000 would be for freight 

from foundries to point of use. The production and manufacture of 

the materials would furnish employment for much labor, pay freight 

on raw materials, and aid industry. The industries employed would 
436 
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be iron mines, producers of pig iron and steel plate, manufacturers of 
pipe (cast iron, steel and concrete), gate valves, hydrants, meters, 
cement, jointing compounds, tools, paving materials, painting ma- 
terials, lumber for sheeting, ete., and the railroads, trucking and in- 
directly all retail stores. 

5. The local municipal and ,corporate organizations are now in 
existence for performing this work with the assistance of local labor 
of various kinds readily obtainable. A large proportion of such 
labor would be unskilled and would not need to have had previous 
experience. 

6. There need be very little delay in beginning the work after it is 
authorized. Plans for a large proportion of this work are already 
in existence. They will not be carried out at present unless financ- 
ing is made attractive and the work receives general approval as a 
relief measure. 

7. Little if any land would have to be acquired as the work is 
lagely in public streets and on lands already owned. 

8. On much of the work little machinery could be used advan- 
tageously. 

9. To the extent that Federal aid is advanced for water works 
betterments present municipal credit is made available for other 
badly needed work. All of the work entailed will produce real values 
which will pay their way and be paid for by the people benefited. 
If the Federal Government sees fit to give funds for this purpose it 
will give useful work for labor needing it but in case this is not done 
loans will make some of the work possible if the terms of the loans 
are sufficiently attractive. 

10. The work done will produce property of very long life and use- 
fulness which will justify long term bonds. The property will be 
part of that needed for water service and fire protection, needed 
utility services for which charges can be made locally which are 
usually if not universally commensurate with the value of the ser- 
vice rendered. 

The annual average cost per urban capita (69,000,000 population 
in communities of 2,500 and over) of those needed improvements 
would amount to 36 cents for the first five years and 46 cents for the 
next 35 years when all payments would cease. This is based upon 
40-year bonds at 4.5 percent interest with amortization beginning in 
the sixth year on the basis of equal annual payments for interest and 
amortization amounting to about 5.73 per cent. 
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11. The plan would be beneficial to individual communities and to 
the country as a whole. It is certain that its universal execution 
will result in improvement of public health and in some reduction in 
the annual fire loss which reached the amount of $499,739,172 and 
cost 10,217 lives in 1930. If such reduction amounted to as little as 
6.5 percent ($33,000,000) a year, capital charges would be returned in 
less than 40 years upon the total cost of the plan. Such conserva- 
tion would continue for possibly another 40-year period after the 
works were paid for. 

12. The initiation of a national program directed to betterments 
in water quality and in fire protection afforded by water works sys- 
tems would make possible closer coéperation between public health 
authorities, public service commissions, fire insurance organizations 
and communities which should lead to improvements in standards of 
quality, fire prevention and fire protection other than afforded by the 
water works system. 

13. The plan will increase the total investment in water works 
about 14 percent, for which capacities of distribution systems may be 
increased by a greater percentage. It does not, however, anticipate 
usual normal betterments but is directed towards a universal raising 
of standards of water service and fire protection. Continuation of 
normal expenditures for betterments will tend to maintain such higher 
standards. If needed supply works which might normally be part 
of construction programs in the immediate future were to be in- 
cluded, the estimate would be increased accordingly. Initiation of 
such a project would call attention to other advisable waters works 
construction. 

14. Financing of these water works betterments should be made 
equally available to municipal and to private organizations owning 
and operating public water works systems. 

American Water Works Association Committee on Immediate 
Water Works Betterments for Unemployment Relief: 

Harrison P. Eppy, Chairman, Consulting Engineer, 
1300 Statler Building, Boston, Mass. 

M. R. Maursre, Chairman, Public Service Commission, 
80 Center Street, New York, N. Y. 

GrorGE W. Boortn, Chief Engineer, National Board of 
Fire Underwriters, 85 John Street, New York, 
N. Y. 
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C. W. Mowry, Factory Mutual Fire Insurance Com- 
panies, 184 High Street, Boston, Mass. 

Ws. W. Brusu, Chief Engineer, Department of Water 
Supply, Gas and Electricity, 2456 Municipal 
Building, New York, N. Y. 

Capt. Huan P. Oram, Acting Engineer Commissioner, 
District of Columbia. 

ABEL WoLMAN, Chief Engineer, State Board of Health; 
Chairman, Water Resources Commission of Mary- 
land, 2411 N. Charles Street, Baltimore, Md. 

Reeves J. Newsom, Vice President, Community Water 
Service Company, 46 Cedar Street, New York, 

Morris R. SHERRERD, Consulting Engineer, City 
Hall, Newark, N. J. 

Cou. Donatp H. Sawyer, Federal Employment Sta- 
bilization Board, Department of Commerce Build- 
ing, Washington, D. C. 

GrorGE W. Consulting Engineer, 170 Broad- 
way, New York, N. Y. 

GENERAL R. C. MarsHALL, Consulting Engineer, 101 
Park Avenue, New York, N. Y. 

Artuur H. Pratt, Consulting Engineer, 24 Com- 
merce Street, Newark, N. J. 

Maucoitm Prrnre, Consulting Engineer, 25 W. 43rd 
Street, New York, N. Y. 
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ABSTRACTS OF WATER WORKS LITERATURE! 
FraANK HANNAN 


Key: American Journal of Public Health, 12: 1, 16, January, 1922. The 
figure 12 refers to the volume, 1 to the number of the issue, and 16 to the page of 
the Journal. 


Hydraulic-Fill Dam of Fine Volcanic Ash Fails Disastrously. Eng. News- 
Rec., 104: 869-71, May 22, 1930. Details given of construction and failure of 
Alexander dam, being built to create an important addition to water supply 
system of the McBryde Sugar Company on island of Kauai, Hawaii. Reser- 
voir will have capacity of 806,000,000 gallons, which appears small compared 
with the 575,000 cubic yards of material in dam. For the average storage site 
on the islands, however, 1000 cubic yards of earth is required to provide a mil- 
lion gallons storage capacity. Upstream heel of dam was built first, to height 
of 50 feet, to expedite irrigation and provide power for construction. Sluicing 
on main dam began in May, 1929. Materials for the fill consist of a heterogen- 
eous mass of very thoroughly decomposed volcanic materials. With exception 
of residual boulders from the lava, material is a heavy earth, clay-like in char- 
acter. There are no definite hard grains of any considerable size, and agita- 
tion in water will reduce grain size to any desired degree. The larger lumps 
are utilized to form the upstream and downstream sections of the hydraulic- 
fill structure and the fine grains and colloidal material forthe core. The avail- 
able material was intensively studied by a physical chemist and a method of 
treatment developed to increase density and impermeability of the core mater- 
ial placed next (for depth of 8 feet) to concrete cutoff wall consisting of adding 
sodium carbonate in sufficient quantities to deflocculate the materials. The 
slip occurred on March 26th without warning of any kind. Approximately 60 
million gallons of water were impounded at the time. The chemically treated 
material did not move during slip and, according to reports, had no connection 
with the collapse. Samples of materials still in place and from dam débris are 
being subject to series of tests. Following is interpretation of the accident by 
engineer in charge. Core was developing outward pressures probably well 
within those derived by computation and was consolidating satisfactorily. 
At same time the bank was developing the required resistance as long as it 
drained properly. In portion of the bank, a critical pressure had been reached 
under which permeability rather suddenly was reduced, due to crushing of the 


1 Vacancies on the abstracting staff occur from time to time. Members 
desirous of coéperating in this work are earnestly requested to communicate 
with the chief abstractor, Frank Hannan, 285 Willow Avenue, Toronto 8, 
Ontario, Canada. 
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grains. This resulted in accumulation of a body of water under considerable 
head in the transition zone and in portion of the shell next the core. When the 
lubricating effect and the reduction in effective friction due to uplift had 
reached a critical point, this section of the bank suddenly failed in a typical 
land-slip action, sliding on the surface of the relatively firm core. When this 
had dropped sufficiently to release the core pool, the liquid core and a portion 
of the plastic core followed, with accompanying collapse of those portions of 
the upstream beach left overhanging. The accident resulted in the loss of 6 
lives. The financial loss is estimated at well nuder $80,000. Plans for recon- 
struction will probably include: (1) maximum feasible reduction in core width; 
(2) artificial drainage of banks; (3) use of all boulders and other rock obtain- 
able in larger rockfill toes; (4) careful selection of the available material.—R. 
E. Thompson. 


Water Works Dam at Danville Fails by Sliding. Eng. News-Rec., 104: 945- 
6, June 5, 1930. The North Fork concrete dam of Interstate Water Company 
at Danville, Illinois, collapsed entirely about 3:30 a.m. on May 21, draining the 
reservoir at pumping station. This dam, as built in 1903, was of plain concrete, 
straight in plan, 174 feet long and 9 or 10 feet high, with foundations about 3 or 
4 feet below bed of stream, without underdrains. In 1910 it was raised about 
3 feet and 4 taintor gates (10 by 14 feet) were placed along the top, supple- 
mented a few years later by a 3-foot flashboard operated from a footbridge. 
Examination of the wreckage showed that there were numerous signs of cracks 
in the concrete and places where the new concrete was not properly bonded, 
although these weaknesses could not easily have been detected before the 
failure of the structure. Concrete is thought to have been deficient in coarse 
aggregate. Upward pressure of water under the dam and the fact that in 
winter water level was held to top of gates, or even higher, by ice probably 
caused concrete to crack more and more each year until failure occurred. Fail- 
ure was mainly by sliding at the base and apparently occurred slowly, as no 
damage resulted along the river below dam. Steps were immediately taken to 
build a timber dam about 250 feet upstream and to extend the intake pipes to 
temporary intake. Plans for a new dam are under way. Failure did not se- 
riously affect the water supply, as a higher dam was constructed a few years ago, 
the old dam serving mainly to reduce the suction lift and to provide storage 
near the pumping plant.—R. FE. Thompson. 


Colorado Supply for Los Angeles. Eng. News-Rec., 104: 866-7, May 22, 1930. 
Proposed project to bring water from Colorado River to coast cities of South- 
ern California has been advanced materially as result of agreements reached in 
recent months by conflicting interests regarding division of water and alloca- 
tion of power. As result, request has been made for congressional appropria- 
tion of $10,660,000 with which to begin work at Boulder Canyon dam site. The 
aqueduct, which is a distinctly separate enterprise from dam, is to be con- 
structed by Metropolitan Water District of Southern California, comprising at 
present 11 cities. The projects are related, in that regulation of river flow is 
essential for proposed diversion of 1500 second-feet or approximately 1,100,000 
acre-feet per year to coastal cities. Owing to identical elevations of several 
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of the possible diversion points with those of areas where water is to be used, 
300 miles or more away, and the several mountain ranges intervening, it is ex- 
pected that high pumping lifts aggregating 1600 to 1800 feet will be found 
economically justifiable. Final choice of the aggregate route will probably be 
be made this year. Brief data are included on the succession of agreements ag 
to allocations upon which right to divert water from the Colorado is based. 
On April 26, 1930, contracts for the entire power production, estimated at 
at 650,000 horsepower, from the Boulder Canyon development, were signed by 
the Metropolitan Water District, the city of Los Angeles, and the Southern 
California EdisonCo. These contracts provide revenue to the federal govern- 
ment which will meet interest and amortization requirements over a 50-year 
period.—R. Thompson. 


Why the Boulder Dam Height was Increased. Eng. News-Rec., 104: 1066, 
June 26, 1930. Plans for the proposed Boulder dam have been modified to in- 
crease the height from 557 to 582 feet. The data underlying the change are 
outlined. The Boulder Canyon Act stipulates a minimum reservoir capacity 
of 20 million acre-feet. The revised plans will provide a reservoir capacity of 
30.5 million acre-feet, compared with 26 million acre-feet provided by the orig- 
inal height.—R. E. Thompson. 


Medical Health Officer’s Report for Year 1929, Vancouver, B. C. F. T. 
UNDERHILL. 31 pp. Tabulations are included of analyses of the Seymour 
Creek and Capilano River supplies by months during the year. The yearly 
averages were, respectively, as follows, in parts per million: color, 6, 6; turbid- 
ity, 6, 6; total solids, 33.64, 34.12; fixed total solids, 20.00, 20.11; free NH;, 0.006, 
0.008; albuminoid NH;, 0.015, 0.017; chlorides, 2.60, 2.61; nitrates, 0.60, 0.61; 
nitrites, none, none; reaction, neutral, neutral. Bacteriological examinations 
are made weekly. The average bacterial counts during the year were 115 and 
53 per cc., respectively.—R. E. Thompson (Courtesy Chem. Absts.). 


Salt Lake City, Rejects Wells for Reservoir. Eng. News-Rec., 104: 865-6, 
May 22, 1930. Salt Lake City, Utah, has decided in favor of impounding reser- 
voir in preference to development of ground water supply. Analysis of pro- 
posals received for artesian wells on deferred payment plan led to conclusion 
that such a source was not sufficiently dependable to justify investment neces- 
sary. In addition, owing to legal status of underground water in Utah, city 
would in all probability be enjoined from using artesian water if such use inter- 
ferred with correlative rights of other land owners or prior rights already es- 
tablished. Project finally recommended is construction of Argenta dam in 
Big Cottonwood canyon to form impounding reservoir of 12,000-acre-foot 
capacity. Total cost is estimated at $2,286,000. First vote on the bond issue, 
however, was unfavorable to the extent of 44 to 1.—R. E. Thompson. 


Rapid Work on Construction of Western Hydro Plant. H. J. McLean. 
Cont. Rec. and Eng. Rev., 44: 573-8, May 21, 1930. Illustrated description of 
construction of second 8,000-horsepower unit of Calgary Power Company 
plant. The development, located immediately below confluence of Bow and 
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Ghost Rivers, necessitated dam 4,975 feet in length with maximum height in 
the concrete river section of 112feet. Dam, which is made up of concrete grav- 
ity and earth-fill sections, creates a lake which extends 8 miles up the Bow 
River and about 3 miles up the Ghost River, surface area being 2,855 acres.—R. 
E. Thompson. 


Lake Clusters Reveal a Florida Ground Water Supply. Matcotm Pirniz. 
Eng. News-Rec., 105: 402-6, September 11, 1930. Excellent discussion of 
ground water conditions in Florida, with particular reference to St. Petersburg 
area. Extensive study of salting of wells was made in connection with search 
for new source of supply for St. Petersburg, well water supply of which had 
become badly salted. Factors controlling salting of wells are discussed 
in detail and application of principles enunciated to development of new 
well supply in Cosme-Odessa lake region, where 12 wells have been drilled to 
depths varying between 250 and 300 feet, is described. Combined yield of 
these wells is in excess of 15 million gallons per day. Author likens Peninsula 
of Florida to great filter bed. Solution passages in underlying rock are the 
filter underdrains, which discharge below sea level in face of continental shelf. 
On top of this is secondary underdrain system formed by Tampa rock, above 
which is blanket of sand containing lenses of clay. Rain water entering the 
rock, by its solvent action on limestone, has produced very large solution pass- 
ages. When ground over such passage caves in, sink-hole is formed. In high 
sandy area known as Highlands section, many deep lakes have been formed in 
this way. These lakes are constantly growing deeper and are surface markers 
of points where water from rainfall is entering the underdrains in relatively 
large quantities. The solution passages discharge at different depths below. 
At points of outlet the sea water, due to its specific gravity (1.026), exerts a 
back pressure 1.026 times greater than that of an equal depth of fresh water. 
Therefore, in order for outward flow to take place, the head of fresh water must 
exceed 1.026 times the opposing head of salt water; in other words, ground 
water must stand above sea level 2.6 feet for every 100 feet by which outlet is 
submerged plus additional elevation required to overcome friction loss in solu- 
tion passages. Head of fresh water in underdrain system is as high as 80 feet 
above sea level only in relatively small area of the peninsula. This pressure 
corresponds to salt water depth of 3100 feet. As water flows from intake areas 
toward outlet, head is lost by friction and for every 2.6 feet lost sea water may 
rise 100 feet. It is not surprising therefore that all drillings for oil in Florida 
have encountered salt water at depths of 3000 feet, or less. Much shallower 
wells near coast yield salt water. As depth of limestone underlying Florida is 
known to be in excess of 300 feet it is evident that salt water exists in voids of 
rock under entire peninsula and that it may be found at depths below sea level 
less than 38.5 times the fresh water head above sea level. Care must be taken 
therefore to keep salt water depressed below elevation of bottom of well. 
Salt water has but a short vertical distance to travel to enter a well. Unless 
there are other solution passages, in which head of fresh water is high, inter- 
vening between salt water and bottom of wells in developed well field, salting 
of supply may be expected when head in rock is reduced below a point above sea 
level equal to 2.6 feet for each 100 feet of depth below sea level. Two causes 
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led to salting of St. Petersburg supply; the more obvious being increased rate of 
draft from wells to supply the growing city. Coincidently many miles of sew- 
ers were laid, which by cutting off from downward percolation a percentage of 
rainfall further reduced effective fresh water head, permitting 38.5-fold rise in 
salt water level. During pumping of new wells, several sinks developed near 
by, the disturbance causing ground to cave into crevices which had been dis- 
solved out of rock over long period of years.—R. E. Thompson. 


Operating a 24-Inch Butterfly Valve Under a Head of 223 Feet. CLINTON 
DeWitt. Eng. News-Rec., 105: 460-2, September 18, 1930. Illustrated 
details given of tests to determine whether large-capacity butterfly valves 
could replace more expensive needle valves to control discharge from outlet 
tunnel of Salt Springs reservoir, now under construction on Mokelumne River 
by Pacific Gas and Electric Company. Valve tested was installed in outlet 
through Spaulding dam.—R. E. Thompson. 


Hard Muddy River Water Treated in New Purification Plant at Saginaw, 
Michigan. Eng. News-Rec., 105: 410-4, September 11, 1930. Detailed de- 
scription of new 25-million gallon per day purification plant at Saginaw. Inall 
12 different elections were required before necessary three-fifths majority was 
obtained. Bond issue was carried in 1924, when of 4 sources then under consid- 
eration, majority of electorate favored wells in Claire region, the most costly 
scheme by far. Subsequent investigation disclosed that this supply was inad- 
equate. At later election, Saginaw River source was chosen, after unsuccess- 
ful attempt to enjoin election on ground that former vote had been mandatory, 
rather than advisory. Intake in Lake Linton bayou is concrete box having 
opening of 60 square feet, protected by grating of cast iron bars on 13 
inch centers. A 60- by 65-inch reinforced concrete conduit conveys water to 
traveling screens preceding low lift pumps. Lime and soda ash for softening 
and alum for coagulation are added as water rises in well located in chemical 
building between two rectangular concrete mixing tanks, equipped with 
paddles, flow through which is upwards and retention period about 2 minutes. 
Two batteries of octagonal reaction tanks with slowly-rotating paddles, of 4 
units each allow l-hour period for chemical reactions and flocculation to com- 
plete themselves. Unusual detail in design of paddle drive is ‘‘shock absorber” 
at top of vertical shaft. Drive gear is connected to shaft through heavy coiled 
springs to reduce starting torque due to inertia of water. This permits motor 
to come up to normal speed under light load. Worm gear driving spring makes 
about one-fourth of revolution before paddles attain operating speed of 1 revo- 
lution in 50 seconds. Starting load on motors is very light and even at high 
speeds of operation drive is easy and smooth. Initial settling is accomplished 
in two concrete clarifying basins equipped for continuous sludge removal, 
allowing 50-minute retention period, from which water flows to two large basins 
providing, settling period of 6 hours and thence to carbonation basin, which 
provides 30-minute retention. Carbon dioxide is introduced through grid of 
perforated pipes on bottom of tank. It is generated from coke gas-producer 
and boiler, with carefully controlled air supply, designed to deliver gas con- 
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taining, after scrubbing, 18 per cent carbon dioxide. There are 12 rapid sand 
filters, operated at rate of 125 million gallons per acre per day. Sand depth 
is 30 inches, effective size, 0.45 mm., and uniformity coefficient, not more 
than 1.5. Sand bed is supported by 18-inch layer of graded gravel. It is 
planned to wash at 24 inches vertical rise per minute, but elevation of wash 
water tank and piping will permit higher rates if found necessary. The steel 
wash water troughs are located 24 inches above sand bed. Covered filtered 
water reservoir of 9.2 million gallons capacity has been provided. Both low 
and high service pumps, 5 of each, are of motor-driven centrifugal type, dis- 
charge headers being in loops so valved that not more than two pumps need be 
put out of commission for any single repair to pumps, piping, or valves. Two 
Diesel engines, driving 671-kilowatt generators, provide stand-by service. 
Exhaust from each engine is carried through 14-inch cast iron pipe to basement 
under 85-foot tower, in which is located 125,000-gallon steel wash water tank, 
and thence connected to large muffler. Gases leaving muffler pass through 14- 
inch vertical uptake pipe to top of tower. Arrangement is effective in silenc- 
ing noise from engine exhausts and tests have shown that there is practically 
no back pressure in system.—R. EL. Thompson. 


Detroit Awards Contract for New Type of Welded Pipe. Eng. News-Rec., 
105: 511, September 25, 1930. Electrically welded pipe will be used for 13,700 
feet of 54- and 66-inch water mains for which contract was recently awarded in 
Detroit. Half-inch plate of pure iron is the specification. Circumferential 
joints, first butt-welded, will be reinforced by lap-welding. Fifty-four-inch 
pipe will be built up before laying into 40-foot sections and 66-inch into 30-foot 
sections. Pipe will be unusually stiff owing to lap-welds, making angle rein- 
forcing rings in deep fills unnecessary.—R. E. Thompson. 


Section Modulus of Pipe Determined by Simplified Formula. D. L. BissEuu. 
Eng. News-Rec., 105: 581, October 9, 1930. Simplified formula is given for 
determining sectional modulus of pipe with sufficient accuracy for practical 
purposes. Correction chart is included for use when extreme accuracy is 
Ar 
sectional area of metal, and r, inside radius of pipe. When thickness of pipe is 
one-tenth the diameter, or less, this approximate formula may be used without 


required. Formula is as follows: S = where S is section modulus, A, 


correction, as error is on side of safety. More exactly, S = a. where K is 


correction factor obtained from chart which is given.—R. E. Thompson. 


Small Meter Used for Low Flow in Large Water Main. Eng. News-Rec., 
105: 581, October 9, 1930. A 6-inch meter is used at present to determine total 
consumption of water in Roseville, Michigan, purchased from Detroit system 
and pumped to Roseville through 24-inch main. Large main was installed to 
fit in with plans for Detroit metropolitan area. Meter is located in 8-inch 
by-pass around gate in main which is normally kept closed. Space has been 
provided in meter vault for second by-pass and meter to be installed when 
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capacity of present equipment is exceeded. A Venturi will be installed when 


flow demands it.—R. E. Thompson. 


Hydraulic Characteristics of Flow of Water Around Bends. Eng. News-Rec., 
105: 376-7, September 4, 1930. Results of experiments conducted at Univer- 
sity of Iowa to determine laws of pressure and velocity change in flowing 
stream passing around bend are outlined. In closed channel, water in bottom 
part of bend rotates counterclockwise while water in top portion rotates in 
clockwise direction. In case friction along bottom of channel is greater than 
along top, water takes a single counterclockwise spiral, or helical, motion in 
addition to its forward motion in flowing around bend. Such spiral motion 
exists at bends in rivers and is cause of erosion along outer bank. Downward 
motion of water rolls particles of soil to bottom of channel, whence they are 
carried diagonally toward inner bank. Contrary to popular belief, highest 
velocity of flow is along inner bank. It is believed that erosion at bridge pier 
noses is due to similar action. In pipe lines, etc., since this motion represents 
head lost, attempt to straighten direction of flow of filaments of water should 
result in increased efficiency. Quarter-turn draft tubes are now designed with 
guide vanes in bend for this purpose and to reduce eddy losses. For water 
pipes this type of bend is practical only in the larger sizes.—R. E. Thompson. 


Building a New Dam for Corpus Christi Water Supply. Eng. News-Rec., 
105: 520-3, October 2, 1930. Illustrated description of construction of dam at 
La Fruta on Nueces River, 35 miles from city, forming 64,000-acre-foot storage 
reservoir. A diversion dam was built yers ago at Calallen, 18 miles upstream, 
to divert water to filter plant, from which supply is pumped to city. This 
diversion dam also prevents salt water from backing up to the intake. Flow 
of river varies from practically nothing for months together to maximum re- 
corded flood of 125,000 second-feet. Water released through new dam will 
flow down river to diversion dam. Cost of project, totaling $2,500,000, includ- 
ing land, will be paid for by bonds to be retired from water revenues only. 
Dam consists of 500,000-cubic yard earthfill with crest length of 4,080 feet and 
maximum embankment height of 61 feet. Long concrete overflow section of 
unusual design, resting on wood-pile foundations and with a spillway capacity 
of 400,000 second-feet, is interesting feature —R. E. Thompson. 


Urban Sanitation. A. E. Berry. Can. Pub. Health J., 21: 451-7, 1930. 
General discussion of urban sanitation, including water supply, swimming 
pools, etc., with particular reference to conditions in Ontario.—R. E. Thomp- 
son (Courtesy Chem. Abst.). 


Covered Reservoir for Provo City, Utah. Eng. News-Rec., 105: 596, October 
9, 1930. Unit prices are given from 3 lowest bids received for construction of 
5-million gallon, covered, concrete reservoir for Provo City, contract for which 
was let for $72,110. Reservoir will be of underground gallery type, circular in 
plan, 206 feet inside diameter, with water depth of 20 feet. Floor is to be 
waterproofed by first mopping on primer coat of petrolastic cement, on which 
is to be mopped layer of 10-ounce asphalt threaded felt, and on this again heavy 
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coat of petrolastic cement (55 pounds to the square), followed by layer of 10- 
ounce duck and finally another heavy coat of petrolastic cement. Roof is to 
be waterproofed with primer coat of petrolastic cement and heavy coat of same 
material, and walls are to be painted with hot boiled linseed oil.— 
R. E. Thompson. 


River and Lake Supplies. CHARLES W. SHerMAN. Eng. News-Rec., 105: 
427-8, September 11, 1930. Brief discussion of surface supplies not requiring 
storage, with particular reference to intakes and to avoiding of pollution. It is 
desirable to locate intakes at least 20 feet below surface. Although submerged 
crib intake port velocities as high as 0.25 foot per second have been successfully 
employed, advisable rate is about one-half of this. In large intake cribs ex- 
tending to surface, higher velocities (up to 1.5 feet per second) are common. 
In such cases, however, constant attendance is necessary to guard against 
blocking of openings. Neither racks nor screens should be provided over ports 
unless readily accessible for cleaning.—R. E. Thompson. 


Stored Water: How to Get, Preserve, and Improve It. Ezra B. WuiTman. 
Eng. News-Rec., 105: 416-9, 1930. General discussion of problems connected 
with development of stored water supply. Silting of reservoirs and purifica- 
tion of water by storage are discussed briefly —R. E. Thompson (Courtesy 


Chem. Abst.). 


Settlement of Earth Dams. J. ALpert Houtmes. Eng. News-Rec., 105: 
505, September 25, 1930. Brief data regarding method employed for deter- 
mining rate of seepage through porous material by measuring loss of head, or 
rate of flow, on applying water to top of tank containing material under con- 
sideration. Temperature of water is important, rise of 30°F. increasing seep- 
age rate 50 percent. Results may be reduced to uniform temperature of 


60 
50°F. by following formula: z = T+ 10" where z is reduced quantity required 
and 7’, temperature in °F. and y, quantity, of water passing.—R. E. Thompson. 


Construction Methods on the Salt Springs Rockfill Dam in California. Eng. 
News-Rec., 105: 332-5, August 28, 1930. Illustrated description of construc- 
tion of Salt Springs dam, record-breaking rockfill structure of Pacific Gas and 
Electric Company, San Francisco. In addition to dumping total of almost 
3,000,000 cubic yards of rock into fill, 220,000 cubic yards of this rock is re- 
handled piece by piece to build placed-rock section on upstream face. Other 
major operation consists of pouring 30,000 cubic yards of reinforced concrete 
slab on placed rock to form upstream facing. Dam is 328 feet high above 
lowest foundations and has crest length of 1300 feet.—R. E. Thompson. ° 


Concrete Arch Dam for Denver Water Supply. Eng. News-Rec., 105: 595-6, 
October 9, 1930. Unit prices of 3 lowest tenders received for Eleven Mile 
concrete arch dam for Denver water supply. Concrete arch will be 112 feet 
high, with maximum section 53 feet wide at bottom and 15 feet at top. Con- 
tract was awarded on lowest bid, $469,506—R. E. Thompson. 
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Groundwater as a Source of Supply: Limitations, Types, and Precautions, 
Cuar.es B. Burpicx. Eng. News-Rec., 105: 398-401, 1930. Excellent gen- 
eral discussion of ground water, its origin and characteristics, and of shallow 
and deep wells and infiltration galleries as sources of water supply. Knowl- 
edge of local geology is essential to economic development of ground water 
supplies. Between 30 and 40 percent of the precipitation may usually be ex- 
pected to enter the ground and be available for development.—R. E. Thompson 
(Courtesy Chem. Abst.). 


Recommendations Regarding Regina Waterworks. Cont. Rec. and Eng. 
Rev., 44: 1109-10, September 17, 1930. Details are given from reports sub- 
mitted by Nicnouas Hit, Jr., and R. O. WynNzE-RosBerts to city council of 
Regina, Saskatchewan, regarding extension of city water supply. Both 
reports recommend development of all near-by ground water sources before 
embarking on project to bring in water from Saskatchewan River, some 110 
miles from city. Plans for latter should soon be considered, however, as this 
will be ultimate source of supply —R. E. Thompson. 


Siphon Failure in Alaska. Grorae I. Uirt1. Eng. News-Rec., 105: 506, 
September 25, 1930. Brief details given of collapse of 1000 feet of ;°;-inch lock- 
bar pipe, 46 inches in diameter, one of 15 siphons supplying water for gold 
dredging operations. Siphons are operated during summer and drained in fall 
by means of 10-inch valve at lowest point. Collapse of this siphon and of 3 
others which occurred at same time was due to accumulation of ice on surface 
of receding water as siphon was drained, until seal was produced causing 
vacuum. Only damage was flattening of pipe. Siphons were repaired by 
heating on outside with wood fires and jacking on inside to restore original 
shape. Practically no leakage occurred on resuming operations following 
year.—R. E. Thompson. 


Importance and Necessary Treatment of Groundwater Supplies. Ropert 
Spurr Weston. Eng. News-Rec., 105: 406-9, 1930. General discussion of 
quality of ground water and of methods of removing hardness and Fe. Pre- 
cautions which should be observed in development of well supplies to prevent 
pollution are outlined. The Amesbury, Mass., ground water treatment plant, 
which consists of coke tricklers, subsiding basins, and slow sand filters, in- 
creases dissolved O, content from 0.4 to 12.4 p.p.m. (4.2 to 106.6 per cent 
saturation) and reduces CO, and Fe contents from 31 and 4.4. p.p.m. respec- 
tively, to 6 and 0.05 p.p.m. respectively. Permissible limit of Fe in ground 
water is from 0.2 to 1 p.p.m., depending on mineral content.—R. E. Thompson 
(Courtesy Chem. Abst.). 


Light Company Joins in Building City Water Pumping Station. Eng. News 
Rec., 105: 536, October 2, 1930. Unusual contract recently concluded between 
City of Pittsburgh and Duquesne Light Company provides for participation 
of latter in building new pumping station. City will erect building and pro- 
vide piping, while company will install motors and pumps to city’s specifica- 
tions and will receive interest and amortization payments on this equipment 
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in addition to payment for current used. Cost of new station was estimated 
at about $1,750,000 for steam operation and at about one-half this amount 
forelectrical operation. As available balance of last authorized bond issue for 
water works improvements (1926) was insufficient, it was arranged that city 
should spend about $700,000 and company, about $125,000. Contract gives 
city right to purchase equipment at any time during 10-year lease period. 
At power rate of 6} mills per kilowatt-hour, total annual cost will be slightly 
higher (about $25,000 per year, or 10 per cent) than that estimated for high- 
pressure steam station efficiently operated.—R. E. Thompson. 


Drought Records are Important to Flow Estimates. Kenpa.u K. Hoyr. 
Eng. News-Rec., 105: 428-9, September 11, 1930. Duration is most out- 
standing feature of present drought, which is most severe onrecord. Detailed 
report comparing 1930 lows and durations with past records will be issued by 
United States Geological Survey. Some of these data are given.—R. E. 
Thompson. 


Rainfall and Streamflow Records in North Carolina. THorNDIKE SAVILLE. 
Eng. News-Rec., 105: 342, August 28, 1930. Brief outline of procedure em- 
ployed in North Carolina in obtaining data and issuing reports on current 
rainfall and streamflow. Seventy-five stream gaging stations are maintained. 
Final summary of conditions on each of 7 major drainage basins, as regards 
both rainfall and stream flow, is issued by 15th of month succeeding that in 
which data were collected. Studies made on considerable number of rivers 
having long periods of record indicate that ground water conditions had essen- 
tially recovered from 1925 drought. Present rainfall deficiencies in many 
parts of state are markedly greater than those of record drought year of 1925. 
Although current stream flow is rapidly approaching recorded minimum, this 
point has not been reached on any stream covered by gaging stations. Ab- 
normally high rainfall of 1928 and 1929, latter the greatest on record, effectively 
replenished ground water reserves depleted in 1925. In western part of state, 
where rainfall conditions show marked deficiency, stream flow is relatively 
much less deficient than elsewhere. On one drainage basin stream flow is 
above normal, in spite of cumulative rainfall deficiency for current year of 
nearly 19 percent. This basin lies almost entirely in a National Forest, where 
ground water reserves are holding up very much better than in other parts 
of state where forests have been removed. Maximum conditions of drought 
in North Carolina occur on headwaters of rivers from which forests have been 
very largely removed.—R. E. Thompson. 


Streamflows in West Reach Record Lows on Smaller Rivers. Eng. News- 
Rec., 105: 343-4, August 28, 1930. Additional regional reports on stream 
flow.—R. E. Thompson. 


Regulating Devices for Rapid (Sand) Filters. Kari HENNING. Gas-u. 
Wasserfach, 73: 103-9, 1930. From Chem. Abst., 24: 2218, May 10, 1930. 
Description of various regulators for controlling supply of water to rapid sand 
filters, with illustrations and diagrams.—R. E. Thompson. 
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Air Binding of Filter Beds. Joun R. Bayuis. Water Works and Sewerage, 
77: 379-84, 1930. Fundamental gas laws of Avogadro, Boyle, and Dalton 
are applied to explain air-binding problems. Conditions that cause water 
to become supersaturated with air are (1) increase in temperature; (2) decrease 
in pressure; (3) temporary increase in pressure while water is in contact with 
air bubbles, causing more air to dissolve, followed by reduction to normal 
pressure; and (4) formation of gases within the water as result of chemical 
or biological action. Air usually collects first in the sand and under extreme 
conditions extends down into the gravel. There is considerable loss of sand 
in washing an air-bound filter. The bubbles formed in washing carry away 
much sand. For plants already constructed, it may not be practical to pre- 
vent air-binding. To reduce air-binding, filters may be washed at lower loss 
of head, but, when runs are very short, this is not always practical. If trouble 
is due to air leaks into pump suctions this may be avoided by preventing the 
leaks. Riddance of algae will reduce tendency to air super-saturation. In 
plant design, care should be taken to prevent water trom becoming warmer 
before it passes filter beds. Also filter beds should be designed sufficiently 
low beneath water level that little or no negative head will develope in sand 
beds even at points of maximum loss of head. Super-saturation may be elim- 
inated by spraying the water in the air.—C. C. Ruchhoft (Courtesy Chem. 
Abst.). 


The Effects of Sewage Discharge on Streams. H. W.SrtreETER. Presen- 
ted at Annual Meeting of Pennsylvania Sewage Works Association, State 
College, Pa., June 23-24, 1931. From utilitarian viewpoint, stream pollution 
by sewage affects detrimentally (1) public and industrial water supplies; (2) 
property values, through nuisances and other offensive condition; (3) fish and 
other natural aquatic life, through suffocation and toxic substances; (4) 
recreational uses; (5) capacity for natural purification, either wholly, or 
in part; (6) agricultural interests; and (7) uses for navigation and power. 
Injurious effects may, in turn be attributed to (1) excessive bacterial pollution, 
notably of human intestinal origin; (2) over-depletion of dissolved oxygen; 
and (3) presence of toxic, deleterious, or corrosive substances. Bacterial 
pollution. U.S. Public Health Service measurements indicate an average of 
250 billion B. coli per capita contributed daily to streams by sewage from 
Cincinnati, Louisville, Chicago, and Peoria. As numbers found in human 
feces range only from 5 to 10 billion per capita daily, the difference suggests 
subsequent multiplication. Intestinal bacteria discharged into a stream are 
known to increase, reaching a maximum within a few hours, and more quickly 
in summer than in winter. A decline follows, depending chiefly upon time, 
rate of flow, temperature, and inflowing drainage. Weakest link in natural 
process of stream self-purification is liability to frequent interruption by high 
water in winter, or early spring. Contrary to expectation, dilution by tribu- 
taries less polluted than itself frequently increases bacterial content of main 
stream. This is consistent, however, with multiplication observed upon 
transference of feces to sewage and of sewage to the stream. This well estab- 
lished, but unexplained, phenomenon may be due either to multiplication of 
organisms, or to disintegration of aprticles. Rate of self-purification appears 
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to be greater for small than for large streams, intensity of pollution being a 
factor. Of the complex forces causing natural reduction of sewage bacteria in 
streams, little is known except indirectly by inference from observation and 
laboratory experiment. Sedimentation, plant and animal plankton, actinic 
rays (sunlight), and food supply influence powerfully bacterial populations. 
Time, rather than distance, is the all-important element. It is a misconcep- 
tion to imagine a river as purifying itself ina stated number of miles. Effects 
on oxygen balance. On oxygen balance depends the ability of sewage-laden 
stream to maintain its capacity for natural purification. In such a stream, 
processes of depletion and replenishment of the store of dissolved oxygen are 
unceasingly active. In presence of dissolved oxygen and oxidizing bacteria, 
rate of organic matter oxidation is function partly of temperature and partly 
of rate of bacterial multiplication. Oxygen demand of normal sewage approx- 
imates a pound of oxygen per capita daily. Sewage oxidation proceeds in 
two inter-merging stages, primary of which is marked by oxidation of carbon- 
aceous matter and secondary, by nitrification. Time required for completion 
varies from 6 days at 30°C. to 20 days at 9°C. Total biochemical oxygen de- 
mand B. O. D.) includes the ‘‘immediate,”’ or mainly chemical, and the remain- 
ing, more strictly biochemical, demand. Apparent rate of oxidation is affected 
by sedimentation. The oxygen demand of sludge deposits may be as high as 
from 35 to 40 percent of total demand and is probably function of their surface 
arearatherthanof theirvolume. Replacement oxygen enters largely by direct 
absorption from atmosphere, but also to considerable degree as result of photo- 
synthetic activities of aquatic plants, especially of green algae. Rate of 
absorption from atmosphere has ranged from 2 to 16 pounds of oxygen per day 
per 1000 square feet of water surface on a section of the Illinois River. It 
varies widely and is governed largely by depth and turbulence of flow, by 
proportion of surface area to depth, and by deficiency of dissolved oxygen 
content below the saturation value at prevailing stream temperature. The 
rate of progressive change in dissolved oxygen content represents the differ- 
ence between the respective rates of de-oxygenation and of oxygen replace- 
ment. Below a major source of pollution the curve of dissolved oxygen con- 
tent tends to sag to a minimum and then to recover to saturation value. This 
regularity may be affected, however, by sedimentation, sludge deposits, in- 
fluent pollution, or influent dilution. Our present knowledge of sludge de- 
posit effects is inadequate. Effect of toxic and other chemical wastes. Knowl- 
edge in this field is limited. Domestic sewage is held to be quite free from toxic 
chemical substances. Possibly such substances might account for unexplained 
out-breaks of gastro-intestinal disorders, apparently water-borne, in cities 
having well purified supplies taken from grossly polluted rivers reduced by 
drought to exceptionally low stage. Possibly such substances might orig- 
inate from industrial waste and attain significant concentrations only under 
drought conditions. Presence of toxic substances from this source, however, 
is usually reflected by interference with normal self-purification, or with effi- 
cient operation of purification plants. Acid wastes may kill plankton and 
higher aquatic life. Tannins, lignins, acids, and certain colloidal substances 
often adversely affect coagulation in purification plants. Phenol compounds 
cause ill-smelling and ill-tasting effluents, especially after chlorination 
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Permissible limits of stream pollution. Earlier standards were flexible and 
general. Present trend is to base criteria of allowable pollution on certain 
minimum requirements as to quality, depending on major use of stream, 
To preserve fish life, minimum dissolved oxygen content of 4.0 p.p.m. is speci- 
fied. To prevent nuisance, minimum allowable content may range from 2 to 
4 p.p.m., or higher. For water supplies, limiting bacterial standards at in- 
takes are specified.—R. E. Noble. 


Court Decision Relating to Public Health. Public Health Reports, 46: 
39, 2320, September 25, 1931. Ordinance Prohibiting Sale in City of Ice Manu- 
factured Outside of City Unless Made with Distilled Water Held Void. Texas 
Court of Civil Appeals; City of El Paso et al. v. Jackson et al.; 40 S. W. (2d) 
845; decided June 25, 1931.—R. E. Noble. 


Modern Railway Sanitation. PartIII. IsaporW.MENDELSOHN. Munic- 
ipal Sanitation, 2: 9, 436, September, 1931. Information concerning hy- 
drants, water hose, and water pails in coachyards and terminals. Hydrants 
are of either elevated, or depressed type, latter being in greaterfavor. Proper 
drainage is provided for waste, whether from elevated outlet, or from under- 
ground weep-hole. Elevated outlets stand at least 18 inches above ground 
level; depressed have overlapping cover and are secured by location in center of 
platform against contamination from car toilets. Modern passenger cars are 
watered by hose one end of which is attached to hydrant and the other to 
inlet pipe on car. On older cars, with coolers separate from water system, 
pails filled from hydrants are used. Watering is ‘‘weakest link in chain,’’ for 
hose must be moved frequently, at each move subjecting the ends to risk of 
contamination. Hose nozzles are of different types, due to differences in 
inlet pipes. Some nozzles have a guard which keeps them at all times from 
contact withtheground. Study is being directed toward evolving satisfactory 
type of nozzle which will be protected against contamination under operating 
conditions and suitable for all types of inlet pipes. Hose is stored on hooks in 
special all-enclosed locker, or on hooks, or platforms, in depressed pits be- 
tween tracks. Of pails, many typesareinuse. Satisfactory pail has capacity 
of four to six gallons, is of good quality galvanized iron, all enclosed yet so as to 
permit of ready cleaning and inspection, is provided with handle and support- 
ing hold, and with spout amply large and adapted to opening in car cooler. 
Pails are cleaned by flushing with water and are stored in special lockers.— 
R. E. Noble. 


Sanitation and Conservation of the Fox River. Harry F. Frerauson. 
7th Annual Report of Illinois Association of Sanitary Districts, p. 49. From 
July 2 to October 14, 1929, Illinois State Department of Health, in co-operation 
with Sanitary Water Board, undertook study of Fox River and its tributaries 
to determine (1) nature and extent of pollution, (2) hazards involved in rec- 
reational use, (3) degree of pollution that might be tolerated in the future, 
and (4) measures of safety to be applied to protect health of users for recre- 
ational and other purposes. Choice was made of 32 sampling stations, 16 
above, and 16 down-stream, from Elgin, Illinois. Samples were collected 
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daily, alternately either up-stream, or down-stream, mostly for bacterial, 
but a few also for chemical, analysis. Drainage area of nearly 2600 square 
miles is 130 miles long by 20 wide. River !ength is 175 miles, with average fall 
of 3 feet per mile. Lakes in upper reaches help to regulate dry weather flow. 
There are no large tributaries. Of 75,000 urban population north of Aurora, 
sewage from 11,000 receives no treatment; from 19,000, tank treatment only; 
and from 45,000, complete treatment. About 65 per cent of population in Fox 
River Basin in Illinois above Aurora is served by sewers; only about 45 per cent 
of all sewage within the basin has at present complete treatment; additional 
15 per cent has partial treatment. Between Aurora and McHenry, large 
amounts of industrial wastes from 36 industries and sewage from about 19 of 49 
established camps and parks are discharged directly into Fox River. Condi- 
tions esthetically offensive were found only along limited stretches immed- 
iately below principal sewer outlets. Flow is sufficient, normally, to supply 
the oxygen demand of the sewage. Analytical studies show that at no point 
between McHenry and Aurora does water conform to present standards for 
bathing purposes. To eliminate offensive conditions along certain limited 
stretches it will be necessary for principal contributors to provide complete 
sewage and industrial waste treatment plants; tank treatment will not be suf- 
ficient. To make river safe for bathing and recreational purposes, it will be 
necessary to provide chlorination of plant effluents during bathing season—R. 
E. Noble. 


The Occurrence of Manganese in Water and Its Removal. R. 8S. Weston. 
Water Works Eng., 84: 16, 1135, August 12, 1931. Presence of manganese is 
usually due to decomposition of organic matter in manganiferous soils and re- 
sulting solution of the manganese in humic and other soil acids. Two tables 
give the manganese contents of ground and surface water from 39 different 
places. A flood in River Oder, Germany, overflowed a well field, increasing 
iron content in Breslau water supply to 440 p.p.m. and manganese to 220 p.p.m. 
Presence of small quantities of manganese in water would have attracted little 
attention if it had not been for effect on control of chlorine treatment by 
ortho-tolidine test. Manganese content of water in Wanaque Reservoir, hold- 
ing 28,000,000,000 gallons, rose to 0.13 p.p.m. during summer of 1930. Author 
expects manganese content to decrease, as fermentable organic matter present 
decreases with years. Tabulations show how easily, in o-tolidin testing, one 
can mistake manganese for chlorine; the actual manganese content being num- 
erically almost identical with the apparent chlorine content between the 
depths of 20 and 40 feet in reservoir. Manganese frequently coats inside sur- 
faces of aqueducts which author claims is due either to physico-chemical reac- 
tions, or to presence of bacteria, including manganese bacteria. As basic prin- 
ciple of manganese removal he states that manganeous salts in alkaline waters 
absorb oxygen, oxidize slowly, and ultimately precipitate as manganic hydrox- 
ide. There seems to be no difficulty in oxidation of manganous bi-carbonate, 
or sulfate, to hydrated manganic oxide. The difficulty is in removing it from 
the water. Soft waters, low in iron and pH value and high in organic matter, 
offer many difficulties. pH value of 9.4 was necessary at Baltimore for removal 
of manganese. Slow filters are recommended and thorough aération should 
be practiced.— Lewis V. Carpenter. 
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Filter Washing. PartII. Roserrs Hutpert. Water Works Eng., 84: 16, 
1139, August 12, 1931. Before attempting to use sand expansion percentage 
wash, one should be sure that sand to be washed is not heavily coated, i.e., 
much lighter than it should be. It is not unusual to find that sand particles 
which float out in washing contain no more than 70 per cent actual sand by 
weight and less than that by volume. Clean, moist sand usually shows specific 
gravity of 2.50, while coated sands might be 1.75. Washing out of old sand is 
not caused by too high a wash rate, but by lightness of heavily coated sand. 
Hence sand should be cleaned before applying sand expansion principles. 
Gravity of sand is best determined on moist samples with LE CH aTEe.izr flask. 
Author feels that 50 per cent sand expansion is desirable and recommends that 
in most old plants wash water troughs should be raised to allow for this high 
rate of wash. New filters at Detroit will contain 24-inch depth of 50-mm. sand, 
with provision for 40-inch wash water rate, which will permit sand expansion 
of 60 per cent. Author outlines methods of measuring sand expansion.—Lewis 
V. Carpenter. 


When Water Works Extensions and Improvements are Legal. Lo T. 
Parker. Water Works Eng., 84: 16, 1133, August 12, 1931. Contract whereby 
contractor was to drill two wells and to guarantee delivery of 400 g.p.m., for 
which he was to receive $163 a month, was held legal; as city would be paying a 
just price as long, and only as long, as they were receiving specified amount of 
water. A municipality voted bonds for construction of water system and as 
this sum proved insufficient, council issued warrants to complete project. 
Court held that council lacked authority to increase cost of work over and 
above amount of bond issue. It is well settled that unless a law clearly pro- 
hibits water companies from installing accessories, such as meters, a court will 
not prohibit the installation. The law is also well established that a property 
owner who stands by without complaint and permits a city to install water 
works improvements on his property, or permits continuous use of his land for 
public purposes, cannot later object to such usage. Also, when permit has been 
given, it cannot be revoked. Author cites a number of court decisions on 
length of extensions that water company should be compelled to make. Sev- 
eral decisions are given on allowable damages for condemned property and 
courts always say that owner of condemned land is entitled to recover full 
damages. When city of Boston wanted to take water from stream in Connecti- 
cut, court granted the privilege, saying in part: ‘‘drinking and other domestic 
purposes are the highest uses of water.’’ Massachusetts, after elaborate re- 
search, decided to take the waters of the Ware and Swift rivers rather than 
rely on sources within the state which either are, or are liable to become, 
polluted. Connecticut suit is dismissed, with right to maintain a suit against 
Massachusetts ‘“‘whenever it shall appear that substantial interests of Connec- 
ticut are being injured.’’— Lewis V. Carpenter. 


Staveley Sand Spun Pipes. Anon. Water and Water Engineering, 33: 393, 
425-428, August 20, 1931. These are cast centrifugally in dried sand molds 
rammed in metal flasks. No chill, hardness, or brittleness, is possible, because 
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of slow cooling, and strength is increased by solidification under pressure of 
75 pounds per pound of metal. They are 16 feet long and, tested on knife edges 
10 feet apart, an average load of 17,000 pounds at the centre has been with- 
stood. Under hydrostatic bursting test, the pipes stood up to 2,500 pounds per 
square inch before bursting longitudinally. Details of process of manufacture 
are given.—W. G. Carey. 


Preston (England) Water Undertaking. Anon. Water and Water Engineer- 
ing, 33: 393, 419-424, August 20, 1931. Reservoirs have storage capacity of 910 
million gallons and, for population of 150,000, average consumption per day is 
5.75 million gallons. New reservoir has been constructed at cost of £338,000 
and was opened this year. Clay puddle wall forms heart of embankment; in 
1927, portions of inner side of embankment showed signs of movement, causing 
swelling of lower part of slope. This was successfully overcome and was due to 
treacherous nature of the clay. Capacity is 259 million gallons, with water 
area of 30 acres and depth of 39 feet, the floor being the natural clay of the 
district. Top of embankment is 11} feet wide, inner slope being 1 in 3 and 


outer slope rather steeper.—W. G. Carey. 


Construction of Modern Water Mains. F.W.Macavutay. Water and Water 
Engineering, 33: 391, 301-308. Paper read before Institution of Water Engi- 
neers, Summer Meeting, 1931. Iron pipes cast in greensand moulds have been 
chief material of water mains for over a century and no definite proof can be 
given of superiority either of cold, or of hot blast iron. Vertically cast pipes 
often contain slag, cinders, etc., and centrifugal casting evinces enormous 
improvement in quality, carbon existing as graphite, and metal being dense 
and free from blowholes. Water-cooled molds produce stresses, rendering 
annealing necessary; with sand molds, no chilling occurs and no annealing is 
required, but the making of specials is costly, or impossible. Steel pipes of 
considerable diameter are built of plates using lap welded joints. Reinforced 
concrete pipes, consisting of very thin welded steel tubes armored externally 
and internally with spiral reinforcements, the whole being embedded in con- 
crete, are clumsy; as also are Hume pipes, in which a cylindrical cage of 
steel wire is surrounded by a steel form, concrete being poured in while form 
and cage are revolved rapidly. Steel pipes internally lined with concrete 
stand severe compression tests (3,060 pounds per linear foot of pipe) without 
the concrete leaving the steel, and an actual pipe so tested has been in use ten 
years with soft moorland water with no sign of deterioration; this construction 
has extraordinary lasting qualities at very small cost, the concrete giving abso- 
lute protection to steel and being so little altered that no resistance to water 
flow is offered. The possibility of bitumen etc., dipping for concrete lined iron 
or steel pipes is discussed; the warming-up process must be dry. Concrete- 
lined cast iron pipes are entirely satisfactory, original discharging capacity 
is maintained, and concrete remains intact and adhesive under drastic tests. 
Pipes of asbestos impregnated with cement compressed on a mandrel, with- 
stand bursting pressure of over 300 pounds per square inch, present exceedingly 
smooth surface, and are light and easily handled.—W. G. Carey. 
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Modern Aspects of Water Purification. E.S.Cuasz. Water and Water En- 
gineering, 33: 391, 308-312. Paper read before Institution of Water Engineers, 
Summer Meeting 1931. Sources of supply determine in large measure method 
of purification in N. America, supplies being from lakes, rivers, impounding 
reservoirs, and wells. Growth of microérganisms often gives trouble in lake 
supplies and in Great Lakes variable and unpredictable currents at times bring 
gross pollution. Storage is of great importance; e.g., Greater New York, and 
Greater Boston. Opinion is almost unanimous that all surface supplies should 
be chlorinated and treated with ammonia; prechlorination lightens bacterial 
loadings on filters and facilitates coagulation and colour removal, and although 
chlorine consumption is increased by from one-third to one-half, results war- 
rant the increase. Copper sulphate is used to control microérganisms, or to 
improve filter operation; aération, to reduce taste, odour, iron, and manganese. 
Developments in coagulation are dealt with; significance of hydrogen-ion con- 
centration is stressed; aluminium sulphate, chlorinated copperas, and lime are 
recommended as coagulants; importance of thorough mixing of coagulant with 
water is urged. There are but few instances of prefiltration, e.g., Albany, 
N.Y., and comparatively few slow sand filters are being constructed. Usual 
rate of filtration in rapid sand filters is 125 million U.S. gallons per acre per 
day. Increasingly higher washing rates are found advantageous, particularly 
insummer. Activated carbon for taste and odour removal shows promise, as 
does use of lime, soda-ash, or sodium silicate, tocontrol corrosion. Lime-soda 
is generally accepted for softening, with re-carbonation; return of sludge is 
also advocated, whereby carbonate hardness may be reduced to about 20p.p.m. 
Zeolite softening is mainly limited to industrial supplies, but combined zeolite 
and lime treatment is suggested to secure advantages of both and eliminate 
soda-ash. Highly important investigational work has been done in Canada 
and United States, e.g. by U. S. Public Health Service on safe bacterial load- 
ings of filters, on value of prolonged sedimentation periods, on effect of varia- 
tion in pH upon coagulation, on benefits of double-stage coagulation, and on 
effect of prechlorination on filter plant efficiency.—W. G. Carey. 


Modern Dam Construction. C.M.Savitte. Water and Water Engineer- 
ing, 33: 391, 313-331. Paper read before Institution of Water Engineers, 
Summer Meeting 1931. A comprehensive paper, well illustrated, describing 
methods used during past 40 years in planning and construction of masonry 
and other dams, including solid gravity dams, arch dams, and hollow dams, de- 
signed to reduce masonry and lessen foundation pressure. Foundations are 
most important in dam construction and upward pressure acting on dam bot- 
tom must be allowed for. Examples of solid masonry dams are described, 
theory of dam construction is discussed, and siphon and shaft spillways and 
waste weirs are dealt with, as also are composite earth dams with masonry 
core, rock fill and timber dams, earth dams, and rolled embankments. Par- 
ticular embankments are described and illustrated, while various dam failures 
are discussed.—W. G. Carey. 


The Sinking of Borings. H. A. P. Heruerineton. Water and Water 
Engineering, 33: 391, 332-837. Paper read before Institution of Water Engi- 
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neers, Summer Meeting 1931. In percussion, or drop, boring the tools are 
lifted and dropped by rods, or by steel cables, latter often in conjunction with 
Cherry spudding wheel. In rotary, or core, boring, tool is rotated by hollow 
rods and cuts an annular groove in the rock, centre section of core being re- 
ceived into container, or core tube, and detached as desired; in this method, 
shot boring is simplest and cheapest modification. A third method, mud 
flush rotary boring, is used for soft strata. Percussion is used for sands, shales 
chalks, and limestones, which will pulverise to a slurry, and rotary boring for 
harder sandstones, limestones, and igneous rocks. To ensure vertical boring a 
torch is lowered, or a short pipe of slightly smaller diameter, two light discs 
separated by a distance piece 2 feet long. Lining of borings is dealt with as 
well as testing; likewise increase of supply by back blowing, shot-firing, or 
deflection.—W. G. Carey. 


Scraping and Electrical Recoating of Water Mains. Anon. Water and Water 
Engineering, 33: 393, 435-436, August 20, 1931. After scraping, bitumen is 
electro-deposited on the main from colloidal aqueous suspension. This is 
pumped into main until it is filled and an insulated electrode drawn through, 
the pipe forming the other electrode. Current is supplied from portable gener- 
ators and ceases when all exposed iron has, under influence of electrode be- 
come coated with bitumen.—W. G. Carey. 


Silent Valley Reservoir (Belfast). Anon. Water and Water Engineering, 
33: 393, 429-431, August 20, 1931. This is part of scheme to convey water 35 
miles from Mourne Mountains to Belfast, reservoir storage being 3,000 million 
gallons. Embankment 1500 feet long with height of 88 feet above stream bed 
level has been built. Boreholes indicated granite 50 feet down, but excava- 
tions for cut-off trench showed that rock dipped and further six boreholes 
showed rock depth to be 180 feet. It was impossible to de-water strata except 
by construction of drainage shafts under compressed air, which later were filled 
with concrete to form part of cut-off wall. Running sand caused difficulty in 
trench excavation, which is lined with cast iron plates where depth exceeds 100 
feet. About one million gallons water per diem has been pumped from strata 
during whole period of construction.—W. G. Carey. 


The Protection of Ohio Public Water Supplies. F.H.Wanrine. Supplement 
to Vol. III, No. 3, Eng’g. Exp’t. Sta. News, Ohio State University, June, 1931. 
Of the 6,646,697 persons in Ohio, 71.7 percent, or 4,760,761, are provided with 
public water supplies. These people live in 110 cities and 288 villages. There 
are 362 municipal water works systems and 36 privately-owned systems. Fil- 
tered water is supplied to 63.4 percent of the population; softened water to 11,8 
percent; and chlorinated surface water to 0.4 percent. Other similar statistics 
are given, together with chart showing chronological development of Ohio’s 
water supplies. Another chart shows death rates from typhoid fever to have 
reduced throughout the state from 41.5 per 100,000 in 1896 to one (1) in 1929; 
and, in Cincinnati, from 143 in 1887 to 3 in 1927. History of engineering activ- 
ities of Department of Health is given and character of engineering work is de- 
scribed in detail. Among principal activities of the Department are the re- 
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view of plans and specifications for water and sewerage works, conferences 
with engineers and city officials, field examinations of sources, inspections of 
construction and operation, inspections of nuisances and of complaints of 
stream pollution, and rural sanitation. A résumé of work of the department is 
given.—H. E. Babbitt. 


Effect of the 1930 Drought upon Ohio Public Water Supplies. F.H. Waring 
and F, D. Stewart. Supplement to Vol. III, No. 3, Eng’g. Exp’t. Sta. News, 
Ohio State University, June, 1931. The deficiency of rainfall persisted 
throughout summer and fall of 1930 and first three months of 1931. For ex- 
ample, in Columbus area only 58 percent of normal rainfall fell during year; 
previous low record being 78 percent. The effect was first observed on surface 
supplies. Fortunately the greater number of surface supplies are taken from 
the Ohio River which was able to supply all needs as to quantity, but quality 
became unsatisfactory. Extraordinary methods to supply water were adopted 
including hauling, long pipe lines, and drawing from abandoned quarries. 
Among ground water supplies, shallow wells were first to suffer; it was not until 
March, 1931, that some alarm was felt over conditions in deep wells. Effect 
on private farm and community wells was most disastrous and relief was found 
mainly by hauling from nearest available source. The legislature appropri- 
ated $10,000 for construction of public wells in the counties most seriously 
affected. —H. E. Babbitt. 


Water Purification. Hard Water and Methods of Purifying It. The Cost of 
Hard Water. J.C. Prior. Supplement to Vol. III, No. 3, Eng’g. Exp’t. Sta. 
News. Ohio State University, June, 1931. Methods of purification include 
plain sedimentation, coagulation and sedimentation, slow and rapid filtration 
through sand, chlorination, and the use of activated carbon. Each method is 
briefly described. Chemistry of water softening is described in terms com- 
prehensible to the layman and method and completeness of process of softening 
are explained. Advantages of the zeolite process are mentioned. Cost of 
water softening for the average family would be about 20 cents per month, 
which would be more than saved through advantages secured, particularly 
through saving in soap. All possible classes of consumers are shown to be 
able to save by use of softened water and amount of saving is presented in 
dollars and cents.—H. E. Babbitt. 


Farm Water Supplies. H.C. Ramsower and V. OverHOLT. Supplement to 
Vol. III, No. 3, Eng’g. Exp’t. Sta. News, Ohio State University, June, 1931. 
Methods of collecting surface and underground waters are described and 
iHustrated. Qualities of surface and ground waters are discussed. Construc- 
tion of dug, driven, and drilled wells of shallow depths is described in detail and 
some cost figures are given.—H. E. Babbitt. 


Municipal Ownership Successful in Princeton, Illinois. THos. P. GUNNING. 
Illinois Municipal Review, June, 1931. Oil engine has proven economical. 
Cost of power to the consumer is more important than cost of its manufacture 
by a private company. The engineer’s appraisal on the water plant is quoted 
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and analyzed, together with its net income. Profit is definitely shown, over 
and above depreciation.—H. E. Babbitt. 


Annual Report of the Laboratory for Water Purification at Manggarai, Java, 
1930. Report contains a list of eight publications from the collaborators of the 
Laboratory concerning water and sewage (Mom, vAN DER Hout, Hotwerpa, 
ScHAAFSMA). Experiments with the Biihring coal filter and with an ozone 
apparatus are described. Other chapters deal with the treatment of water 
with chloramine, the dechlorination of water with activated carbon, and a 
bacteriological research upon the pollution of ground water resulting from in- 
filtration from a septic tank. The greater part of the report contains the 
laboratory and field investigations for drinking water supplies of villages and 
estates.— H. E. Babbitt. 


Limestone Wells in Illinois. L. E. Workman. The Illinois Well Driller, 
September, 1931. Advantages of limestone wells are stated and their locations 
are shown on map of state. Geology of the Niagaran dolomite under Chicago 
is described, which explains presence of the almost inexhaustible supply in this 
region. The thin dolomite beds near Maquoketa have peculiar chemical 
properties which render them able to yield a very soft water. Most of re- 
mainder of state is covered with coal measures, which yield but little water, 
and that, salty.—H. E. Babbitt. 


Stream-Flow Prediction. Extract from 1929-1930 Report of Hydraulic 
Power Committee, Eng’g. Sect., Nat’l. El. Light Ass’n., Monthly Weather 
Review, February, 1931. p. 73. Past methods for prediction of stream-flow 
are questionable. New method, simple and easy to apply, depends upon the 
discovery, by R. E. Horton, of the regular, cyclic variation is stream-flow 
in the Great Lakes Region. Method is applied to prediction of flow of Muske- 
gon River in Michigan. It shows a striking relation to the WoLF numbers. 
For example, estimate for 1928 is 5 percent in error; for 1929, 2 percent in 
error; and for first half of 1930 is exact. It is predicted that 1930 and 1931 will 
be years of drought; 1935 will be wet; and in 1940 there will be excessively high 
stream-flows.—H. E. Babbitt. 


The Chicago Avenue Water Tunnel. James J. Versiuis. Journal, Western 
Society of Engineers, August, 1931. p. 209. Financial condition of Chicago 
water works is excellent. Only 4} percent of value of plant is represented by 
bond issue and there is no stock. Organization of the city engineer’s office, in 
charge of water works, is stated. The system of tunnels under the Lake 
and troubles with the Chicago Freight Tunnels are described. Reason for new 
tunnel was the limited capacity of existing tunnels with occasional low pres- 
sures in the Loop. New tunnel starts near the Carter H. Harrison Crib, runs 
under the old Two Mile Crib, hits the shore at foot of Chicago Ave., and con- 
tinues west under that street. It will be 12 miles long. In cross-section, it 
has vertical sides, semicircular roof and slightly-dished floor. It has cross- 
sectional area of approximately 200 square feet and its unreinforced concrete 
walls are 15inches thick. Work is being done on the day-labor method. Most 
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striking construction methods include City-designed mucking machine; unique 
method of placing concrete which avoids conflict with patents; and methods of 
avoiding jurisdictional labor disputes.—H. E. Babbitt. 


The Recovery of Lost Drilling Tools. A. G. Fiepiter. Johnson National 
Drillers Journal, September, 1931. Fishing troubles are due to (1) unscrewed 
joints; (2) breaks in tools; and (3) tools stuck in the hole. Methods of over- 
coming these difficulties are described. Description includes broken cables, 
screwing lost tools on to cable, straightening tools leaning in the hole, care of 
jar breaks, the drill stem, the drilling bit, the bailer, and extraneous material 
in the hole. Casing troubles may be more serious than tool troubles. They 
include frozen pipe, collapsed, or bad pipe, and parted pipe. Chief tools of 
interest are the bull-dog spear, the trip spear, and the swage. The article 
is well illustrated.—H. E. Babbitt. 


Planning the Outdoor Swimming Pool. L.D.Murpruy. Bulletin of the Iowa 
State College, Vol. X XIX, No. 45, April 8, 1931. Bulletin 108, Engineering 
Extension Service. All phases of swimming pool design and operation are 
treated, from types of pools to supervision of bathers. Size, shape, depth, 
location, capacity, equipment, lighting, walks and beaches, and wading pools 
are included in design. Under construction materials, concrete mixes and 
finishing and curing to secure water-tightness are explained. Under operation 
swimming pool sanitation, the bath house, cost, financing, and the control of 
bathers are treated. Methods of water purification, including filtration and 
disinfection, are described.—H. E. Babbitt. 


The Influence of Diluting Waters on the Biochemical Oxygen Demand. E. F. 
Expripce and W. L. Matumann. Bull. 39, Michigan Eng’g. Exp. Station, 
July, 1931. The B.O.D. determination is subject of much discussion among 
chemists, due to discrepancies arising from various diluting waters. The 
diluting water need not simulate the natural waters, but should be as near a 
perfect menstruum for the total oxygen demand as is possible. With such 
water, results from one source are comparable with those from another. Pro- 
cedure and results of various tests are given to prove the points.—H. £. 
Babbitt. 


Eliminating Troubles Driving Well Casing. Anon. Johnson National Drill- 
ers Journal, June, 1931. Difficulties may be reduced with proper care. Causes 
of failure include defective casing, improper handling, defective drive shoe, 
improper driving, and miscellaneous causes. Suggestions are made for over- 
coming each of these troubles.— H. E. Babbitt. 


The World’s Greatest Artesian Well. H.W.Yxo. Johnson National Drill- 
ers Journal, June, 1931. Reprint from New Mexico Highway Journal, April, 
1931. Well is located in Roswell Artesian Basin in New Mexico. It is owned 
by Oasis Cotton Company and was completed on February 6, 1931 by M. S. 
Brunine of Artesia. Well is 843 feet deep, has a 12}-inch casing, flows at 
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rate of 9,225 gallons per minute and throws the water 50 feet into the 
air through a6-inch nipple.—H. EF. Babbitt. 


Water, Raw Material for Chemical Industries. R.E.Hauut. Chemical and 
Metallurgical Engineering, 38: 9, 513-515, September, 1931. Discusses in de- 
tail the impurities in water as affecting various types of industries and, in 
general, the methods of treatment which may be applied.—G. K. Calvert. 


Assuring Quality in Public Water Supply. Jonn R. Bayuis. Chemical 
and Metallurgical Engineering, 38: 9, 518, September, 1931. Quality of water 
is gauged primarily on basis of its bacterial content, but its appearance and 
palatability are likewise important, and consumers do not want economy at 
sacrifice of quality. Article gives the various methods and steps now in use in 
purification of water, both from the bacteriological and physical standpoint 
with rates of treatment and chemical application included.—G. K. Calvert. 


Chlorinated Copperas Used in Water Purification. L. L. Hepaceprern. 
Chemical and Metallurgical Engineering, 38: 9, 534, September, 1931. Chlo- 
rinated copperas is easily and cheaply produced and constitutes an effective 
coagulent, particularly where color removal is important. Article describes 
method of production and use.—G. K. Calvert. } 


Alum and Aluminates in Water Purification. G. J. Finx. Chemical and 
Metallurgical Engineering, 38: 9, 535-536, September, 1931. Alum is used gen- 
erally for coagulation of public water supplies, but for certain industrial uses 
and for boiler supply it is desirable to remove both suspended and dissolved 
solids and in such cases sodium aluminate is indicated. Sodium aluminate on 
account of economy is used with the usual softening chemicals and only in such 
amount as is required to effect silica removal and produce satisfactory floc.— 
G. K. Calvert. 


Active Carbon Treatment. Anon. Chemical and Metallurgical Engineer- 
ing, 38: 9, 536, September, 1931. Activated carbon is used either in granular 
or in powdered form, latter being more effective on account of its fineness. It 
has been used to remove phenol tastes satisfactorily. There are at present 
nearly one hundred installations of activated carbon water treatment.—G. K. 


Calvert. 


Salts in Boiler Feed Water Reduce Priming. C. W. Foutx. Engineering 
Experiment Station News, 3: 3, 4. The Ohio State University, June, 1931. 
In the course of experiments with a steel water tube boiler with tubes entering 
the drum it was discovered that water thrown into the steam decreased as con- 
centration of dissolved salt in the boiler water increased. In search for cause 
of this unusual occurrence, experiments were made with pyrex glass boiler of 
same design with which it was seen that reason for the strange occurrence was 
purely mechanical. ‘‘A series of waves was propagated along the length of the 
steam drum, and when the crest of one of these waves hit the steam outlet, 
water was thrown over. It was further noted that these waves were higher 
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in the case of distilled water or very dilute salt solutions than in the case of the 
more concentrated solutions. The explanation of the strange behavior wag 
therefore at hand; the throwing of water into the steam line was due to these 
waves and the waves became lower, and of course hit the steam outlet less fre- 
quently, as the salt concentration increased. The next step was to explain 
why the waves were lower and flatter in the case of the strong salt solutions, 
The explanation is that when distilled water or dilute salt solution is boiled, 
the steam bubbles, though small at first, merge together into large bubbles, and 
when these large bubbles emerge from the water tube into the drum they set up 
a series of surges, or pulsations, which cause the waves along the drum. When 
stronger salt solutions were employed in the boiler the small steam bubbles did 
not coalesce, but remained small, and therefore, when they emerged into the 
drum, did not set up such pulsations. It is interesting to observe in passing 
that the theory of why bubbles produced in astrong salt solution do not colesce 
to form larger bubbles, was worked out in the department of chemistry here. 
Photographs were taken of the steam in its passage through the water tube. 
Exposures of about 44» of a second were used, and photographs were obtained 
showing that the small steam bubbles in the case of the strong salt solutions 
actually remained small and did not coalesce.’’—R. L. Mc Namee. 


The Legal Status of Water Works Funds. Lzo T. Parker. Water Works 
Eng., 84: 18, 1263, September 9, 1931. Bond issues are taxable at date of issue 
and property withdrawn from the corporation after bonds are voted, even 
before they are issued, becomes taxable. Some courts maintain that public 
utilities must provide for payment of current business expense out of earnings. 
Other courts recently have held differently. One company was refused per- 
mission to issue stock to cover gap between face value of bonds authorized and 
price obtained for them. Court maintained that permanent securities issued 
by a utility shall be balanced by its investment in capital assets. In some 
_ states public utilities have been permitted to issue securities and stock based 
on payments of bond discount, but other states have disapproved of it. Court 
ruled that municipal officials may permit transfer of funds, if no law prohibits 
it. Several cases are cited where municipal water department has been per- 
mitted to acquire property outside the corporation. Public and private water 
companies are defined and their functions are explained. Public utility is re- 
quired to serve all customers, while private company is not.—Lewis V. 
Carpenter. 


Glimpses of Water Works in Cuba. Joun F. Pierce. Water Works Eng., 
84: 18, 1259, September 9, 1931. While Cuba contains over 200 rivers in coun- 
try of 41,634 square miles, not over 10 supply sufficient water for municipal 
requirements the entire year. Wells are common and a 16-inch well is expected 
to yield 1500 g.p.m. Electrical energy is fast becoming the prime mover 
throughout theisland. As there is no danger from freezing, pipes are laid close 
tosurface. Sanitary ordinance of Cuba requires 39 gallons per capita. Con- 
sumption varies from 85 to 145 gallons. Fire demands on water plants is rela- 
tively small, due to prevalence of fireproof structures. Rates are determined 
by the rental rate of houses and installations of meters has met with vigorous 
opposition.— Lewis V. Carpenter. 
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Mottled Enamel. Journal American Medical Assoc., 97: 1389-90, November 
7, 1931. Editorial discussion of prevalence of mottled enamel of the teeth 
and of theory that this condition is due to presence of fluorine in water supplies. 
Problem of control of concentration of fluorides in water supplies offers fruitful 
field for coéperation of water chemists, biologists, physicians, dentists and 
public health workers generally.—J. H. O’ Neill. 


Determination of Manganese with Potassium Periodate. C. F. MILLER. 
The Chemist Analyst, 20: 5, 8, 1931. In determination of manganese by oxi- 
dation to permanganate and colorimetric comparison with standards, difficulty 
of getting the shades to match has been met with. Standard KMnO, is pre- 
pared containing 0.1 mgm. per milliliter. Sample is dissolved in mixture of 15 
ml. concentrated H.SO,, 20 ml. HNO;, and 10 ml. HsPO, made up to 100 ml. 
It is then treated with from 0.2 to 0.4 gram potassium periodate and boiled one 
minute. Color developed is compared with standards made from the standard 
solution and treated in same manner as sample. Accurate to about 5 percent. 


—G. L. Kelso. 


Determination of Small Quantities of Potassium. C. F. Mituer. The 
Chemist Analyst, 20: 5, 8-9, 1931. Method depends upon formation of pink 
color when potassium iodide is added to a dilute solution of potassium chloro- 
platinate, K,PtCl;, containing one drop of concentrated HCl. The standard 
solution contains 0.1032 grams K,PtCk, per liter of ammonia-free water: 10 ml. 
of this solution is diluted to 100 ml., each ml. of which equals 0.002 mgm. K,0. 
Evaporate sample to dryness with H,SO, and heat to dull redness. Cool, add 
one drop concentrated HCl and excess platinic chloride. Evaporate, wash on 
to asbestos filter with 90 percent ethanol saturated with K,PtCl,, allow alcohol 
to evaporate, and dissolve in hot water. Add one drop HCl and excess of 0.5 
N KI to form K;PtI,. Allow to stand four hours and compare with standards. 
Test is accurate up to 0.50 p.p.m. Small quantities Na, Mg, and Ca do not 
interfere; but NH;, organic matter, and excess of acid must be absent. Ac- 


curacy is 5 percent.—G. L. Kelso. 


A Water-Borne Outbreak of Enteric Fever. G. Lessa. Brasil-Medico, 
1930, 44: 1155-61. From Bulletin of Hygiene, 6: 3, 244, March, 1931. In 
sharp outbreak at boys’ college in Rio de Janeiro, there were 39 cases dis- 
tributed over a month. Thirty-one cases were diagnosed by blood cultures, 
or by agglutination. Five patients died. Upon investigation, it was found 
that inflow of raw water into filtration tank was uncontrolled and that when 
it exceeded rate of filtration, excess would pass over weir into filtered water. 
Raw water contained B. coli inlarge numbers. All typhoid sufferers had drunk 
from this supply and none among twelve persons who boiled all their water, 
nor among 146 persons who used a different supply, were attacked.—Arthur P. 


Miller. 


Goiter in Hungary in the Light of the Iodine Deficiency Theory. J. BopNAR 
and J. Straus. Biochem. Ztschr., 1930, 227: 237-44. From Bulletin of 
Hygiene, 6: 3, 264-5, March, 1931. Endemic goiter exists in certain districts 
in Hungary. Generally speaking, iodine content of drinking water in these 
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districts is much lower than in those where goiter is rare. In outbreak in 
1928, about 25 per cent of population was found to be goitrous. Examination 
of local sources of drinking water revealed a very low iodine content. In 
two instances none at all could be detected in 5-litre samples. In addition, 
iodine obtained through food consumed was less than one-half of estimated 
requirement to maintain normal iodine metabolism in a child.—Arthur P, 
Miller. 


Disinfection. I. The Development of Knowledge of Disinfection. G. Knaysi. 
J. Infect. Dis., 1930, 44: 293-302. II. The Manner of Death of Certain Bacteria 
and Yeasts when subjected to Mild Chemical and Physical Agents. G. Knaysr 
and M. Gorpon. Ibid., 303-17. III. The Taking up of Iodine by Yeast Cells. 
G. Knaysit and M. Gorpon. Ibid., 318-21. IV. Do Bacteria Die Logarith- 
mically? G. Knaysi. Ibid., 322-7. V. Some Properties of Frequency Curves 
and their Use in Studies of Disinfection. G. KNnaysi. Ibid., 328-33. From 
Bulletin of Hygiene, 6: 3, 280-281, March, 1931. Main object of this series of 
papers is to prove that process of disinfection is dependent upon variation in 
resistance of individual bacteria. In first paper, opinions of different workers 
are enumerated; in second are recorded experiments undertaken in disinfection 
of B. coli. Third discusses absorption of iodine by yeast cells, while fourth 
takes up question whether bacteria die logarithmically. In final paper, author 
has worked out theoretical survival curves corresponding to different fre- 
quency distributions of resistance in a homogeneous bacterial population.— 
Arthur P. Miller. 


NEW BOOKS 


Selected Papers, Proceedings of the Sixth Annual Conference on Water 
Purification. Technical Bulletin No. 4, Engineering Experiment Station, 
West Virginia University. May, 1931, 145 pages. The A BC of Water Purifi- 
cation. Lewis V. Carpenter. 11-19. Popular discussion of processes and 
functions of water purification in terms readily comprehended by the inex- 
perienced. Chemical calculations, turbidity, color, carbon dioxide, alkalinity, 
residual chlorine, and filter operation are principal subjects. Fundamental 
Principles of Water Treatment from the Chemical Engineering Standpoint. W. 
W. Hopeegs. 20-31. Corrosion in boilers and appurtenant equipment is 
estimated to entail annual loss of over $500,000,000 in the United States. 
Causes, remedies, indicative tests, and proper means of operation are tabu- 
lated. Incrustation of boiler plant equipment is nearly as costly a factor as 
corrosion. Principal causes of scale, prevention of, and remedy for scale 
formation are classified and tabulated. Foaming and priming also cause re- 
duced efficiency in steam boiler operation. Paper concludes with a number of 
examples of typical industrial water problems which have been presented to 
the chemical engineering laboratories of West Virginia for solution. The 
Barberton Water Supply. A. D. Cuacette and F. L. Rouiuins. 32-38. De- 
scription of new plant placed in service in 1926. Water obtained from im- 
pounding reservoir, is conveyed by gravity through 30-inch main to purifica- 
tion plant where it is pre-chlorinated, aérated, mixed after treatment with 
alum and lime, coagulated, and filtered. Details of plant structures and de- 


fe 


pl 
se 
T 
di 
F 
g 
1! 
fl 
T 
t 
7 
¢ 
j 
I 
1 


vo 
ten 
Lal 
do: 
are 
sul 
tic 
fol 
Co 
fic 
17 
ca 


VOL. 24, NO. 3} ABSTRACTS OF WATER WORKS LITERATURE 465 


tention periods and similar data are given. The Practical Use of pH Sets in 

Laboratory Control. Perkins Boynton. 39-41. For many years the proper 

dosage of coagulant chemicals has been determined by alkalinity tests. These 

are subject to variation through careless manipulation, or ignorance, and con- 

sume much time. pH determination together with an intelligent observa- 

tion of the appearance of the coagulating water is the approved modern method 
for regulating coagulation. New Problems Developed in West Virginia under 
Conditions of 50 Percent Rainfall. E.S.Tispaue. 42-54. The average de- 
ficiency in rainfall for State of West Virginia during drought of 1930-31 was 
17 inches. Many towns were forced to seek new sources of supply, and in some 
cases water was transported by railway tank cars. An increase in typhoid 
fever and intestinal disorders was directly traceable to impaired water sup- 
plies. Specific examples of extraordinary measures which had to be taken by 
several towns are given. Difficulties Encountered at Madison Filtration Plant. 
T. A. Stour. 55-58. Description is given of new filtration plant and of 
difficulties encountered in its operation because of the drought. Some Stream 
Flow Observations in 1930. Wri.t1aAmM Kessuer. 59-64. There are 59 stream 
gaging stations under observation in West Virginia. Their figures indicate 
1930 as the year of lowest run-off ever recorded. Charts show relation of 1930 
flows to average. Moundsville Well Water Supply and the 1930 Drought. Mern- 
tor Hetzer. 65-70. History of municipal supply from first construction up 
to present time. Acid and Hardness at Fairmont. Witi1am KircaMan. 71- 
74. Fairmont is situated on Monongahela River 1} miles above Lock 15, which 
causes slack water for 6 or 7 miles above Fairmont. The West Fork River 
joins the Tygart Valley to form the Monongahela River 1} miles above Fair- 
mont. Fairmont pumping station, on the Tygart Valley, about } mile above 
the junction, delivers water to municipal filter plant. The West Fork River 
is strong in acid wastes. During summer of 1930, the draft by the pumping 
station drew water from West Fork and acidity of municipal supply rose to 
over 500 p.p.m., at which time lime was applied rate of over one ton per million 
gallons. The very heavy treatment with lime soon resulted in filling the set- 
tling basin to the extent that it had little value assuch. An account is given of 
extreme measures that were necessarily taken in order to keep the basins clean 
and the filters in operation. Emergency Water Supply for Elkins. D. M. 
Tyter. 75-77. Failure of Tygart Valley River to supply adequate quantity 
of water for Elkins required emergency construction. A dam was thrown 
across the river to prevent back flow from sewers entering the stream below the 
plant. Above the dam the river bed, which was almost dry, was channeled 
for a distance of over 30 miles in order to bring all water possible to the intake. 
Deep pools in the river bed were pumped out and caused to flow downstream to 
the intakes. These measures materially helped the situation, but were not 
sufficient. In an extreme emergency additional supply was brought from 
Cheat River to the Elkins plant over a 14-mile across-country route, at cost of 
$5,000, inless than one month. New Development in Water Purification Equip- 
ment. Martin E. Fuentss. 78-84. Taste and odor control treatment with 
ammonia has been found beneficial in many cases, but is far from being a cure- 
all for all taste and odor troubles. Activated carbon shows great promise. 
Treatment with powdered activated carbon at rate of } to 1 grain per gallon has 
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successfully eliminated tastes resulting from contamination with fuel oil. In 
the field of water softening, lower alkalinities are now being sought. Some 
success is being achieved by double recarbonation and by the addition of 
sludge and remixing. Use of open gravity zeolite beds is increasing. There is 
a revival of interest in iron coagulant. Chlorinated copperas is an economical 
method of treatment in color removal. Mechanical mixing of chemicals with 
water is growing in favor. Ammonia Application in Taste Control. R. C, 
CieMENT. 85-88. The ammonia-chlorine process is effective in prevention 
of taste development, in prevention of after-growths, in prevention of algae, 
in allowing a high chlorine residual to be carried without chlorinous tastes or 
odors, and in preventing danger from pollution subsequent to application of 
chlorine. In its use it is essential that point of application of ammonia be well 
selected, that ammonia be adequately mixed with the water before chlorine 
is added, and that the chlorine be added to and mixed with the ammonia- 
treated water at a favorable point. The chloramine formed does not remove 
phenol, it merely prevents the intensification of taste due to formation of a 
chloro-phenol product. Any subsequent treatment with chlorine not pro- 
tected by ammonia will cause tastes. Ammonia may be consumed by micro- 
organisms, or in the filter, so that application of chlorine should therefore not 
be delayed too long. Theoretical ratio of chlorine to ammonia is 4:1. In 
actual practice, ratio is about 3:1. Higher residual chlorine values result 
with use of ammonia, but chlorine ratio should not be reduced on this account. 
Cement-Lined Pipe: Reasons for Its Use. Cuaruies E. TRowsripGe. 89-92. 
Money spent for pipe lines represents an investment in carrying capacity. 
Carrying capacity may be protected by control of corrosive activity of the 
water, either by treatment of the supply, or by protection of the pipe material. 
For many years the principal coating material for pipes has been coal tar. 
Recently cement-lined pipe has been used to considerable extent. In one 
large water works public utility corporation, extensions to over 90 percent of 
the pipe lines are now made with cement lined pipe. Red Water Troubles. 
Pavut Laux. 93-95. Red water is objectionable because of its unsightliness, 
its staining of fixtures and clothing, its clogging of mains, and its corrosion of 
mains and fixtures. Where due to natural iron content of the water, the 
iron must be removed; where due to corrosive action of water upon iron mains 
and fixtures, the water must be rendered non-corrosive. Iron can be removed 
by oxidation, by aération, by precipitation, by lime treatment, or by simple 
sedimentation sufficient to allow the naturally oxidized iron to precipitate. 
Corrosiveness is usually due to carbon dioxide. This may usually be removed 
by aération, or by lime dosage. Activated Carbon in Water Purification. E. 
L. Luaces and T. W. Stroum. 96-99. Carbon exists in three distinct modi- 
fications: diamond, graphite, and amorphous; amorphous carbon in two forms: 
active and inactive. When wood, peat, lignite, or other carboniferous sub- 
stance is charred, a primary carbon is obtained. This primary carbon is ac- 
tually a stabilized complex of hydrocarbons adsorbed on a base of active 
carbon. Activation consists essentially in removing from the surface of the 
activated carbon that stabilized complex of hydrocarbons, so as to make the 
active surface accessible. The physical process of activation has been ex- 
haustively studied and developed. The first use of activated carbon in water 
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purification was as a filter bed. Difficulties with this method have promoted 
the use of carbon in a powdered form, to be fed into the water as are other 
treatment chemicals. Activated carbon is of such low density and so finely 
divided that it settles very slowly when mixed with water. When applied 
to water previous to filtration much of it is carried on to the filters where it 
forms a coating on the surface of the bed to be removed by the usual back- 
washing. The most efficient point of application for the carbon can be deter- 
mined best by experiment. The Need for a 100 percent Metering Program. 
J. I. ImsopEn. 100-106. The metering of water supplied is an essential fac- 
tor in the efficient and economical operation of a water works utility. Effects 
of Manganese on Filter Operation. Lewis V. CARPENTER. 107-114. Manga- 
nese causes rusty stains on plumbing fixtures and brown discoloration on 
clothing and linens in the laundry. Appearance of manganese in surface water 
supplies of northern West Virginia has been closely allied with development of 
bituminous coal mining and subsequent acid drainage entering the streams. 
Analysis of typical coals shows only minute quantities of manganese carried in 
the coal. It is possible that the acidity of the water may have something to do 
with solution of the manganese which is evidently absorbed from the shales 
surrounding the coal. Effect of manganese on filter plants, discoloration of 
their sands, and its general effects on operation and laboratory analysis are 
discussed with reference to plants at Weston, Clarksburg, and Morgantown. 
A Survey of the Mine Drainage in the West Virginia River Basin. L. Kermit 
HERNDON. 115-142. There are 208 coal mines in the basin of the West Fork 
River. These mines are discharging 21,000,000 gallons of mine water per day, 
most of which is highly acid. In normal years this drainage will be about 
40,000,000 gallons per day. With increased mining, rate may become double 
this figure. Mine drainage increases the acidity of the river water and is ex- 
tremely detrimental to water supplies. It is recommended that feasibility of 
sealing abandoned mines and worked-out portions of producing mines be 
demonstrated by a specific test, that streams now free of mine drainage be 
kept so, by diverting drainage to already polluted streams, that draining of 
flooded mines be carefully carried out, so that undue concentration will not 
reach streams, and that mining industry undertake research into cause of 
formation of acid mine water.—R. L. McNamee. 


Proceedings, Fifth Annual Conference, Maryland-Delaware Water and 
Sewerage Association, Wilmington, Delaware, 1931. 107 pages. A Pollution 
Survey of Brandy Wine Creek, the Source of Wilmington’s Water Supply. 
Wittem Rupo.rs. 5-14. Results of a sanitary survey made during 1930. 
‘More than 80 per cent of the time most of the organic pollution found at the 
Wilmington water department head gates is due to ‘material discharged in 
Pennsylvania territory... .. Average B. coli for 3 months of a normal year 
amounted to 107 per cubic centimeter and for two months of the year the B. 
coli was between 500 and 1000 per cubic centimeter.’’ Occasional discharge of 
paper wastes, dye liquors, lubricating oil, and other industrial wastes into 
Brandy Wine Creek kill fish life and throw heavy burden upon municipal water 
purification plants. A Brief History of the Wilmington Water Supply. A. J. 
Freeney. 15-21. Wilmington’s Spring Water Company incorporated in 1804 
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and sold to boroughs in 1810. Continued developments by the boroughs have 
brought plant to its present state, including rapid sand filters of 12,000,000 
gallons per day capcity. Unique Experiences of Filter Plant Operators. I. M, 
Guace. 22-31. Unusual conditions discovered to be causes of peculiar 
behavior of filters. The New Wilmington Dam. W. Compton Wits. 32-34. 
Concrete masonry gravity dam, 135 teet high, 900 feet long, provides impound- 
ing storage for additional water supply of Wilmington. Details of construc- 
tion and progress are noted. Regional Planning. J. L. Wooprurr. 35-37, 
Regional Planning Federation of the Philadelphia Tri-State District serves an 
area of 30 miles radius from center of Philadelphia. Scope of work includes 
indication of probable distribution of population, suggested system of high- 
ways, parkways, and river crossings, suggested system of parks, other public 
reservations and parkways, study of waterways and ports, suggested system 
of airways and landing fields, study of sanitation, drainage, and water supply 
facilities, and study of railways and ports. A Review of Problems in Maryland 
Created by the Drought of 1930. H.F. Scoanrrr. 38-70. Intimate details of 
the effects of 1930 drought upon the cities, towns, and rural districts of Mary- 
land. Watershed Cover and Watershed Conservation. R.D.Forses. 71-81. 
consideration of effects of watershed cover upon stream flow and plea for care- 
ful study of benefits of forestation in connection with development of water 
supplies from surface sources. United States Forest Service proposes to un- 
dertake comprehensive study on influence of stream flow and erosion through- 
out the United States. Constructing a Water Works and Distribution System 
for a Town or Village of 500. James Etmer Happaway. 81-86. Analysis of 
the economics of financing small municipal supplies on a pay-as-you-go basis, 
Latest Practice in Control of Tastes and Odors. Epwarp 8. Hopkins. 87-93. 
Ammonia and chlorine are used at Montebello filter plant, Baltimore, to com- 
bat tastes and odors. Experience cited indicates that ‘‘tastes’’ may only be 
modified, or partially prevented, by pre-ammoniation. Cost of treatment for 
1930 was about $50 per day for 125,000,000 gallons pumped, using ratio of two 
parts chlorine to one part ammonia. A new arrangement of equipment will 
give the necessary residual and make possible the use of 4:1 ratio without 
additional cost of operation. Discussion. L. H. ENstow. Ammoniation 
at Springfield, Illinois, successful with ratio of 8:1; in California, ratio of 1:1 
has been required to obtain good taste control.—R. L. Mc Namee. 


Sixth Annual Report of Missouri Water and Sewerage Conference, Columbia, 
October 23-25, 1930. 104 pp. Causes, Effect and Elimination of Corrosion. 
Joun R. Bayuts. 6-14. Causes. Theoretically corrosion is an electro- 
chemical reaction taking place at two points simultaneously, one cathodic the 
other anodic. Distance between them may be appreciable, or may be only 
of molecular dimensions. Iron atoms going into solution as ferrous ions ac- 
quire two positive charges at expense of hydrogen ions, liberating atomic 
hydrogen which either combines with oxygen in solution to form water, or is 
liberated as hydrogen gas. Under alkaline conditions most of hydrogen will 
combine to form water, but in acid solutions reaction may be largely liberation 
of hydrogen gas. Combination with oxygen probably preponderates largely 
when fresh iron surface is exposed, but when corrosion is taking place beneath 
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coating of rust, there probably often is considerable liberation of hydrogen. 

There is no practical means of preventing pure iron from going into solution 

when exposed to water suitable for domestic uses. The iron in solution devel- 

opes a back pressure proportional to its concentration which opposes solution 

of more metal. Soluble chloride and sulfate of iron cannot form protective 

coatings, but hydroxide and carbonate, which, above a certain pH, are very 

insoluble, may offer considerable protection. Some students of corrosion 

place considerable stress on the plating out of nascent hydrogen on the metal 

surface, stating that this is what arrests corrosion in solutions not acid enough 

for hydrogen gas bubbles to be liberated. Equilibria obtaining when ferrous 

sulfate, or chloride, is in contact with metallic iron are important, for solution 

in tubercles may contain from 3 to 4 per cent of these salts. Effects. (1) De- 

terioration of pipes; (2) reduction in flow by increased friction loss; (3) dete- 
rioration in water quality. Wherever iron, or steel, is exposed to corrosive 
water, costly deterioration must ensue. Carrying capacity of pipes must be 
reduced. Prevention. Generally no dissolved oxygen exists in water adjacent 
to iron surface where corrosion is taking place, and corrosion in absence of 
oxygen is more harmful. In oxygen-free zone, ferrous ion concentration alone 
will govern the equilibria established. Presence of CO. may produce several 
chemical reactions on, or near, the iron surface and may have considerable 
influence on kind of film which will form. No type of protective coating gives 
permanent protection in corrosive water. Calcium carbonate is the cheapest 
and most practical material both to build protective coating and to render 
water non-corrosive. Water should be saturated with calcium carbonate all 
the time, and when it is desired to build protective coating, it should be super- 
saturated part of the time. Distribution System Problems. WILLIam Jup- 
son Gray. 17-21. Explains calculation of pump efficiency at station. Mak- 
ing inside pump surface smooth and covering with rust-inhibitant water-proof 
paint will increase efficiency. Taking station service-water from first stage of 
pumps rather than from high pressure lines makes marked saving in power. 
Filters should be tested in spring. Valves in lines should be tested. Effi- 
ciency at every point is essential to successful distribution. A most important 
safeguard is to maintain adequate supply of various fittings and sizes of pipe 
used in system. Importance and value of maps and records giving complete 
details are stressed. Flushing dead ends and low points in circulating mains 
should be done periodically during the year, especially during summer. 
Proper instruction should always be given for laying of water mains. Author 
gives details. It is important to keep meters in good repair. At Springfield, 
all outgoing and incoming meters are tested. Setting meter at curb greatly 
increases number that can be read per day. Recent Improvements in the Mak- 
ing of Concrete. H.A.LaRuxg. 22-3. Developing a Water-Works Personnel, 
E.J.McCaustLtanp. 25-9. Development of a proper and efficient personnel 
for public utility involves but few fundamentals. These are largely inherent 
in character, as evidenced by (a) honesty, an active and positive interest in, 
and practice of, unequivocal fair dealing, (b) loyalty, alike to dictates of con- 
science, to employers, and to the public on whose good will success of under- 
taking depends, (c) personality, not to be defined, but recognized with joy. 
The Sanitary Significance of Bacteria Commonly Found in Water. M.P. Moon. 
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30-4. In United States greatest infective danger of water is from typhoid 
germ. It has been found impractical to examine water for this organism, but 
examination for presence of B. coli group has proved very practical, its pres- 
ence indicating fecal contamination. Method proposed by U. S. Public Health 
Service is used in most states. Seasons of greatest danger are fall, winter, 
and spring, especially after floods. Freezing (in nature) is not a practical puri- 
fication method. High bacterial count usually underrates surface contamina- 
tion. Preparation of Water For Filtration. Joun R. Bayuis. 35-44. With- 
out preparing water for filtration, it would be impossible to obtain satisfactory 
results with rapid sand filters. Prevailing practice, in United States, is to 
treat with chemicals. For highly turbid waters, preliminary sedimentation 
is frequently advantageous. Chemicals used for coagulating cause precipita- 
tion of hydrous oxide of iron, or of aluminum. They include sulfates of alum- 
inum and iron, sodium aluminate, and ferric chloride; of which, aluminum sul- 
fate is used most extensively. Chlorine added to solution of ferrous sulfate 
converts latter to ferric sulfate and ferric chloride. This coagulant has 
broader pH range in which good precipitation may be obtained than has alumi- 
num sulfate. In author’s opinion, aluminum hydroxide will continue to be 
most extensively used coagulant, while chlorinated iron will come second. 
Application of chemicals is either by (1) solution feed, in which salts are dis- 
solved in water and solution fed through adjustable orifice, or by (2) dry feed, 
in which chemicals are measured with special (dry-feed) machines and dis- 
solved in small tank through which water is constantly running. There is 
little to choose between the methods. Erratic application of chemicals is 
wasteful. To ensure satisfactory coagulation, value of prolonged agitation 
has been conclusively demonstrated. Rate of flocculation depends upon 
(1) dosage of coagulant, (2) agitation, (3) temperature, (4) turbidity, and 
(5) violence of agitation: besides other factors. Mixing basins are of two 
general types; in one, water flows under gravity through channels designed to 
impart desired velocity; in the other, mechanical agitation is employed. 
Tendency is towards the latter. Operation of mixing basins is determined by 
conditions encountered. Purpose of settling basins for chemically treated 
water is to remove by sedimentation as much as possible of the coagulated 
matter. Water should enter settling basins properly flocculated; four hours 
will then usually suffice for good settling in absence of short-circuiting. Coag- 
ulation most difficult to settle is that from fairly clear raw water, because of 
low specific gravity of precipitate. Prevailing practice in settling basins is 
plain rectangular tank 10 to 20 feet deep, with water either flowing through 
from end to end, or else, making 180-degree turn. Varieties are described. 
Condition of water applied to filters is according to amount of coagulated 
matter, rate of filtration, temperature, relative freedom of suspended matter 
from reinforcing material, such as micro-organisms, turbidity, and flocculated 
turbidity. Filtered water turbidity should not exceed average of 0.2 p.p.m. 
Flocculated turbidity should not exceed average of 0.01 p.p.m. When bac- 
terial content is high, filtered water turbidity should not average above 0.1 
p.p.m. No effort should be spared to keep filtered water turbidity down to 
0.2, even at cost of considerable excess of coagulant. Water-borne Outbreaks 
Due to Pollution of Ground Water Supplies. ArtHur E. Gorman. 45-51. 
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Nearly 11,000 public water supplies in the United States, about 65 percent, are 
from shallow or deep wells, or springs. In Kansas, 12.1 percent of supplies 
have perfect records for two years, while less than 1 per cent have perfect 
records for eight and nine years. In Florida, principal water bearing forma- 
tions are in limestone, characterized by sink holes, caves, and depressions, 
through which surface waters gain access to underlying water-bearing strata. 
This natural drainage system has been utilized for disposal of surface waters 
and of sewage. When aquifer receiving such drainage also serves as source of 
water supply, danger of pollution is obvious. In United States, water-borne 
outbreaks during last decade have been due almost as much to laxity in dis- 
tribution as to use of polluted sources; truly a severe indictment of our meth- 
ods for supervision and control. Of outbreaks reported, 64.9 percent were in 
cities of 5,000 population, or less. Thirty outbreaks due to pollution of shal- 
low wells rank first in twenty-seven different classifications. The shallow 
well is now, and always has been, a health hazard and its protection is 
deserving of very much more attention than it is receiving. Seriousness of 
situation lies in fact that source of pollution is not visible. Faulty well cas- 
ings, or construction, were responsible for four outbreaks in decade 1920-29. 
Four tables presented. Common Filter Plant Problems. L. B. Manoum. 
52-6. Overloading may reflect: (1) excessive rate of filtration; (2) excess 
insoluble matter (remediable by suitable coagulation), or micro-organisms 
(remediable with an algaecide, or chlorination) and bacteria in impounded 
supplies, or, in general, excessive bacteria in applied water (remediable by 
prechlorination); or (3) improperly functioning filters. Concerning filter bed 
problems, lowered efficiency may be signified by a turbid, or bacterial effluent, 
perhaps due to: (1) enlargement of sand grains by CaCO; (removable by car- 
bonation of applied water); or (2) mud balls, which should be screened out 
during wash and may be prevented by decreasing applied turbidity and by use 
of higher wash rate, yet not so high as to lose sand. Short filter runs are usually 
caused by: (1) excess turbidity of applied water, (2) excess micro-organisms in 
applied water, or (3) air-binding in filter bed or in under-drain system. Latter 
condition may be remedied by decreasing negative head in under-drain system 
by raising water level in clear well. Loss of filter sand usually is due to in- 
creased expansion of sand bed because of increased viscosity of colder wash 
water. Tastes and odor may be due to industrial wastes containing phenol, 
to micro-organisms, or to sludge fermentation products in settling basins 
during fall ‘‘turnover.’’ Procedure for hydrogen-ion control of coagulant 
dosage is given. Importance of Chemistry in the Control of Public Water 
Supplies. James R. Loran. 57-9. This is sufficiently emphasized by value 
and dependence placed on following more frequent chemical tests: phenol, 
suspended solids, oxygen consumed, dissolved oxygen, alkalinity, pH, and 
residual chlorine. Laboratory Control of Filter Plant Operation. Gro. F. 
Gitzison. 60-3. Laboratory control of the Kansas City, Missouri, filter 
plant includes. (1) turbidity tests of raw water and presedimentation basin 
effluent, using 1 and 4 hours settled water in two one-liter graduated cylinders; 
(2) hydrogen-ion tests to control coagulant dosage; (3) filter expansion tests 
with vapor-proof light device, with readings expressed in inches or in per- 
centage: data from these tests are being plotted against water temperature 
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and from this chart when complete correct wash rate can be read off when 
temperature of water is known: expected advantages are, sand bed free from 
mud balls and hard spots, no sand loss, and reduction in amount of wash water 
used; and (4) residual chlorine tests using color discs. A Comparison of Munic- 
ipal Water-Softening Methods. H. B. Crane. 64-75. Methods available 
are (1) chemical, in which lime is added to precipitate carbonate hardness, and 
soda ash, to eliminate non-carbonate hardness; (2) zeolite, in which at expense 
of common salt both forms of hardness are eliminated; (3) combination treat- 
ment, in which lime reduces carbonate hardness to lowest practical degree and 
is followed by zeolite which eliminates all remaining forms of hardness. Tab- 
les, diagrams, and cost data of representative cases are presented. Sewage 
Pumping Stations. C. Kersey Matuews. 76-80. Causes and Prevention of 
Foaming in Imhoff Tanks. GrorceS. Russet. 81-4. The Activated Sludge 
Process in Small Installations. F.M.Vratcu. 85-9. The Requirements for 
Satisfactory Results From Sewage Treatment Plants. H. D. Perers and H. 
M. Boscu. 90-93. A Simplified Method of Determining the Efficiency of a 
Distribution System. M.Serxes. 94-100. Formulae are presented for deter- 
mining hydrant discharge, loss of head, and friction coefficient, from fire 
hydrants, with technical procedure for determining values of certain unknowns 
in the equations. 1 chart, 2tables.—R. E. Noble. 


Ohio Water Supplies. Supplement to Volume 3, No. 3, Engineering Experi- 
ment Station News, The Ohio State University, June, 1931. Papers having 
particular reference to the drought of 1930. The Importance of Ohio’s Water 
Resources. C. E. SHerMan and J. M. Weep. 3-5. Brief discussion of the 
subject adapted adapted from a radio dialogue. The Protection of Ohio Public 
Water Supplies. F.H.Warina. 5-15. Description of the engineering activ- 
ities of the Ohio Department of Health in its surveillance of the public water 
supplies of nearly 5,000,000 people. The Weather in Ohio during the year 1930. 
WiviraM H. ALEXANDER. 15-17. The year 1930 was unique in Ohio, bringing 
the warmest February in 100 years and the greatest drought of record. The 
Effect of the 1930 Drought upon Ohio Public Water Supplies. F. H. Warina 
and F. D. Strewarr. 18-23. Surface supplies are first to feel effects of 
drought. Even cities taking their supplies from the Ohio River were affected 
because of tastes and odors resulting from stagnation in pools above the navi- 
gationdams. Towns depending upon smaller streams for supplies were forced 
to resort to extreme measures to maintain service. Well water supplies draw 
upon much larger natural reservoirs than do surface supplies and are less sensi- 
tive to fluctuations in rainfall, but many of these were seriously impaired dur- 
ing 1930. As a remedial measure, State Department of Health arranged to 
drill 65 wells in most severely affected areas in southern part of State. Water 
Purification. Joun C. Prior. 24-27. Description in popular terms of proc- 
esses of plain sedimentation, coagulation, filtration, and chlorination. Hard 
Water and Methods of Softening It. Joun C. Prior. 27-31. A radio talk on 
nature of hardness in water and on practical means of reducing it. The Cost of 
Hard Water. JounC. Prior. 31-36. Continuation of previous talk. Cost of 
softening water of 400 p.p.m. hardness to about 85 p.p.m. on a municipal scale 
is estimated at about $2.40 per family per year. Consumers using unsoftened 
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water will spend $10 per year for soap alone and will suffer losses in deteriora- 
tion of linens and washable clothing and increased household labor. The pro- 
spective home builder who considers use of a cistern faces an annual cost cover- 
ing interest, depreciation, and maintenance of about $30 per year; if he 
consider use of a zeolite softener, cost will amount to about $36 per year. Con- 
sumer who already has a cistern and duplicate plumbing will bear a cost for 
cleaning and maintenance about equal to his share of the cost of softening on a 
municipal scale. The consumer who already has a zeolite softener bears an 
expense of about $18 per year for depreciation and salt. Farm Water Supply. 
H. C. RaMsower and Virait OverHOLT. 36-50. Good discussion of devel- 
opment of farm supplies from streams, ponds, springs, and dug, driven, and 
drilled wells. Water for the Power Plant. C.W. Foutx. 50-51. Discussion 
of complexity of water treatment problems and need for competent technical 
advice in development of supplies for boiler use. Ground Waters of Ohio. 
WitBer Stout. 51-53. Description, position, and yield of water-bearing 
geological strata underlying Ohio. The Ohio Stream Flow Survey. Lasiey 
Lee. 54-57. Work of the survey and comments on the deficiency in stream 
flow in Ohio during 1930. Statistics on Ohio Public Water Supplies. 58-63. 
List of all communities in the State, with the type of water source and treat- 
ment plant in service—R. L. McNamee. 


Metropolitan Water Board (London) 25th Chemical and Bacteriological 
Report, for year ending December 31, 1930. Sir A. Houston. 73 pp. illus- 
trated. Very little raw river water is now chlorinated, but filtered Thames 
and New River water is chlorinated successfully, dose being from 0.25 to 0.30 
p.p.m.: appearance of iodoform taste has led to modification of West Middle- 
sex plant. Absence of B. coli in 100 cc. was maintained at three stations in 98 
percent of samples; at the others, in from 95 to 80 percent. Storage effects an 
enormous improvement in the river waters; from 100- to 1000-fold, as judged by 
B. coli. Rapid primary filtration is proving advantageous; at Walton, rate 
of primary filtration (without coagulant) is 156.8 U. S. gallons per square foot 
per hour [165 m.g.a.d.] with 0.66 percent wash water, while secondary filtration 
rate was 6.76 U. S. gallons per square foot per hour [7.1 m.g.a.d.] with 384.8 
million U. S. gallons filtered per acre cleaned; after filtration, water is treated 
with ammonia and chlorine and has given 95.5 percent absence of B. coli in 
100 ce. WiLson and Buatrr’s glucose-bismuth-sulphite-iron medium for isola- 
tion of B. typhosus has been further experimented with and appears to be far 
superior to brilliant green enrichment media. Method of testing for Strepto- 
coccus in conjunction with B. coli, using bile salt lactose broth, has been tested, 
drops of this culture being incubated in dry incubator (37°) for 15 minutes and 
then in moist incubator for 45 minutes, after which agar is added and plates 
are incubated for 24 hours at 37°; the dry-moist incubation killing B. coli, 
while Streptococci survive. The excess lime process at Southend, designed to 
supply 8.4 million U. S. gallons of purified and partially softened river water 
per day, is working well, no B. coli in 100 ce. being found, while average hard- 
ness is 100 parts per million. Tastes which do not respond to permanganate 
treatment can be removed by activated carbon, but Houston maintains that 
the cost is very considerable. He is entirely convinced of efficacy of katadyn 
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sand treatment, but water must be quite clear; in experiments, water inocu- 
lated with 100 B. coli per cc. gave negative B. coli results after 2 hours contact 
with katadynsand. Translation of paper by Dirénekrrt on this subject is given. 
—W. G. Carey. 


Sanitary Drinking Facilities, with Special Reference to Drinking Fountains. 
Marie Corretu. U.S. Department of Labor, Bulletin of the Women’s Bu- 
reau, No. 87. 1931. 28 pages. Tests show that all types of vertical-jet foun- 
tains are easily contaminated and retain disease germs for some time and 
likewise many types of angle-jet fountains. The American Public Health 
Association’s standards for drinking fountains include the features essential 
for sanitation. State laws and regulations are mostly confined to prohibiting 
use of common cup. Most fountains now in use are defective. Of about 1500 
places of employment in 21 States inspected by Women’s Bureau from 1923 to 
1929, more than 40 per cent had fountains for all or some of their employees; 
but less than 15 percent of all reported patterns were of angle-jet type. Com- 
mon cup was found in about one-fourth of the establishments. An American 
Water Works Association committee inspected a large number of fountains in 
1923 and reported that over 90 percent were capable of transmitting infection 
directly from one person to another. Refusal to install vertical-jet fountains 
would change these conditions. In many cases, angle-jet type of nozzle can 
be substituted in existing fixtures with little or no other change. Because of 
their importance to health, the Women’s Bureau recommends that drinking 
facilities be of most sanitary type available and suggests that standards of 
American Public Health Association be required.—R. E. Noble. 


Modern pH and Chlorine Control. This is a new 50 page treatise by W. A. 
Taylor and F. R. McCrumb giving in condensed form the eight years experi- 
ence of these two authorities on pH and chlorine control. It contains a simple 
explanation of the meaning of pH control, a technical discussion of the sub- 
ject, its application to more than thirty research and industrial problems and 
the approximate pH values of over one hundred acids, bases, foods, etc. It 
discusses modern practice in chlorine sterilization in the treatment of water, 
sewage, trade wastes, etc., and in the manufacture of food products as well as 
the bleaching of textiles, pulp, etc. Modern pH and chlorine control equip- 
ment is described, such as the Slide Comparator, pH Slide Titrator, Enslow 
Slide Chlorimeter, etc. These and the other important phases of pH 
and chlorine control of practical value to operators in every branch of industry 
are discussed. A copy will be sent free on request.—W. A. Taylor and Co., 
Inc. (872 Linden Avenue, Baltimore, Md.). 


The Cause of Mottled Enamel, A Defect of Human Teeth. MarGAretT 
Cammack Smita, Epira M. Lantz and H. V. Smita. Technical Bulletin 32, 
June 10, 1931, University of Arizona, College of Agriculture. Mottled enamel, 
a tooth defect, chiefly characterized by the presence of dull chalky white or 
paper white patches distributed irregularly over the surface of the tooth 
has been studied in the United States since 1916. In their study the authors 
investigated the occurrence of mottled enamel in several Arizona settlements 
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and present in this bulletin the results of applying the various theories to the 
community of St. David. The food, water and environment were studied and 
the question of dietary deficiency as a sole cause was not substantiated either 
in experiments with children or in the laboratory with rats. However a defi- 
cient diet together with the St. David drinking water did produce a noticeable 
effect. The effect of this drinking water on the teeth was quite pronounced. 
Quantitative analyses of the water of the various communities in which 
mottled enamel is prevalent indicated from 3.8 to 7.15 mgm. per liter of fluorine 
while waters from non-endemic communities contained only small quantities 
(0 to 0.3 mgm.). Feeding sodium fluoride to laboratory animals produced 
enamel defects so strikingly similar to those produced by the feeding of the 
residue of St. David water that no one could fail to associate the two. The 
following conclusion is given ‘“Thus definite proof has been advanced to show 
that mottled enamel, a defect of the enamel of human teeth, prevalent in many 
parts of the world, is caused by the destructive action of fluorine present in the 
water supply of the afflicted communities.”"—A. W. Blohm. 
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